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Preface 


This book is the last in a series of three books on Physics developed for students 
in classes VI, VII and VIII. These books are based on the middle school syllabus 
prescribed by the National Council of Educational Research and Training (NCERT). 
The main aim in these books is to present physics in an interesting, understandable 
and enjoyable manner to young readers about to enter into the fascinating world 
of physics. Hence, the language has been kept very simple. 

The author has deliberately departed from the traditional coverage of topics in 
classes VI, VII and VIII. The material (to be dealt with in each class) has been carefully 
reorganised keeping in mind the level of difficulty of the topics and the power of 
comprehension of the students in the relevant age-group. This has been done after 
detailed discussions with a wide cross-section of middle school teachers represen- 
ting all shades of opinion. = = = 

This book is intended for use in Class VIII. A list of topics alr 
VI and VII is appended for ready reference. The author has also dabate 
conventional approach in which the general principles and laws are stated 
results and inferences deduced therefrom. This approach is not in keeping with hw 
physics is actually practised. A physical concept is first introduced by making com- 
mon observations of daily experience and citing concrete examples. The relevant 
law or hypothesis is then suggested to explain it. 

The new education policy lays considerable emphasis on pupil-oriented rather than 
teacher-oriented books. According to this policy, books must be designed in such 
a way that a pupil can read and understand on his own without undue reliance on 
formal classroom instruction. The pupil must play an active role in the learning pro- 
cess and the teacher a passive one, serving only as a guide. To understand and en- 
joy physics, the student must learn from his or her own experiences and not from 
those of others. To encourage this kind of direct encounter with reality, home ex- 
periments (or activities) have been recommended in the main body of the text in 
each chapter. Most of them can be performed using inexpensive materials easily 
available in an average household. Teachers are requested to encourage and help 
students do these experiments, some of which may also serve as demonstration ex- 
periments in the classroom. 

The questions and exercises at the end of each chapter have been designed in 
accordance with the new examination techniques which are heavily biased in favour 
of objective testing. Questions are framed to test comprehension and application 
rather than the ability of a pupil to memorize facts. 

To all the school teachers who have given me their valuable advice and guidance, 
| express my deep gratitude. It is earnestly hoped that these books will help young 
readers understand, enjoy and appreciate the fascinating subject of physics by mak- 
ing the learning process enjoyable and stimulating. In this endeavour the author would 
gratefully welcome suggestions for improvement of this book. 


N K BAJAJ 


To The Student 


How does the world work? This king-sized question has a million 
answers. You will begin to uncover these answers—and ask several 
questions of your own—as you travel through the pages of this book. 
And as you read and understand, you will discover that the world of 
science is an exciting place to be in. 

The journey through this book is fun-filled. It is thrilling to do ex- 
periments and try your hand at various activities—either by yourself 
or with your classfellows. Its like making a new discovery! 

At the end of this school year, you will have a clear and comprehen- 
sive understanding of the ideas and concepts introduced in Class VI 
and gradually developed through classes VII and VIII. 

So—go ahead. Read. Experiment. And never be afraid to ask 
questions. 


N K BAJAJ 
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CHAPTER 


More about Motion 


Distance and Displacement 


When an object is moving from one place to 
another, we say it is in motion. If it stops mov- 
ing, we Say it is at rest. In order to describe 
the motion of an object it is necessary to know 
the distance the object travels in a certain 
time. 

Let us suppose that a man travels from Delhi 
to Bombay —a distance of 1,500 km. Another 
man also wishes to travel from Delhi to Bom- 
bay. Will he reach Bombay if he travels a 
distance of 1,500 km in any direction? The ob- 
vious answer is, no. He must know the direc- 
tion in which he must travel that distance. In 
physics we say that he must know the 
displacement. Displacement is the distance 
travelled by a body in a particular direction. 


Speed and Velocity 

In order to describe the motion of an object, 
it is necessary to know not only the distance 
the body travels but also the time it takes to 
travel that distance. Distance and time are 
related to each other by the term speed. You 
already know what is meant by speed of a 
moving object. The speed of an object is the 
distance which the object travels in a unit in- 
terval of time. \t is expressed in metres per 


second (m/s). ; 
While describing motion, not only the 
speed but also the direction in which the ob- 
ject moves is important. Suppose two towns 
B and C are situated at a distance of 60 km 
from town A. Town B is to the east of town 
A and town C is to the north of town A (see 
Fig. 1.1). Suppose a car starts from town A 


North 


60km East 


Fig. 1.1 


at a speed of 60 km/h. After one hour it will 
reach town B only if it moves in the direction 
of the east. If the car has to go to town C in 
one hour, it must travel in the direction of the 
north. If it travels in any other direction, it will 
be at some other place after one hour. Thus, 
to know where the car would be after one 
hour, you must know not only its speed but 
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also the direction in which it moves. In 
physics, we say that you must know its 
velocity. 

The velocity of a body is the distance 
travelled by it in a particular direction (or its 
displacement) in a unit interval of time. 


Suppose two cars start from town A at the 

same speed of 60 km/h. The first car travels 
towards town B and the second towards town 
C. The speed of the two cars is the same but 
they have different velocities because they are 
travelling in different directions. Thus the 
velocity of a moving body is its speed in a par- 
ticular direction. If two bodies have the same 
speed and are moving in the same direction, 
they have the same velocity. Velocity is also 
measured in metres per second (m/s). 


Constant Speed is not the Same as Constant 
Velocity 


Figure 1.2 shows a car moving along a curv- 


pCcurved road 
See 
~ ay a 


> _- oe 
L 


=j — 


Fig. 1.2 


ed road. The figure shows the 
tions of the car on the road. At 
an arrow is drawn to show th 
which the car is moving at that instant of time. 
Let us assume that the car is moving at a con- 
stant speed of 60 km/h. As the car takes a 
bend, its velocity changes in Spite of the fact 
that its speed remains constant at 60 km/h. 
The velocity changes because the direction 
changes as the car goes on a curve. An op- 
sect has a constant velocity if its speed as well 
as its direction do not change with time. 


Various posi- 
€ach position 
e direction jin 


Uniform and Variable Velocity 


If a body moving in a particular direction 
travels equal distances in equal intervals of 
time, however short the time interval may be, 
its velocity is said to be constant or uniform. 
In other words, a body has a uniform veloci- 
ty if its speed and its direction do not change 
with time. If either its speed or its direction 
or both change with time, the velocity of the 
body is said to be variable. 


Acceleration 


Suppose a car is moving with a certain veloci- 
ty. The driver presses his foot on the ac- 
celerator and the car begins to move faster. 
We say that the car is accelerating, that is, 
its velocity is increasing with time. Suppose 
a car starts from rest and speeds up to 60 
km/h in a certain time —it is accelerating dur- 
Ing this time. If a second car also starts from 
rest and speeds up to 60 km/h in less time 
than the first car, it has a greater accelera- 
tion than the first. 
Acceleration is defined as the rate of change 
of velocity. In other words, acceleration is the 
change in velocity per unit time. Or . 


acceleration — Change in velocity 


time 


Unit of Acceleration 
Like velocit 
is th 
obje 
whi 


Y, acceleration is a rate. Velocity 
e rate at which the displacement of an 
ct changes. Acceleration is the rate at 
ch the velocity of the object changes. 
hus acceleration is the ‘rate of a rate’. Let 
US Consider an example. 


Suppose a car is moving with a velocity of 


10 m/s. The driver Presses his foot on the ac- 
Celerator and in 5 seconds the velocity of the 
Pah becomes 20 m/s. The change in its veloci- 
Ye Simply the final velocity minus the initial 
velocity, that is, change in velocity = 20 m/s 


— 10m/s = 10 m/s or 10 metres per second. 
This change has been brought about in 5 
seconds. Therefore, the acceleration of the 
car is 


10 metres per second 


5 seconds 
= 2 metres per second per second 


2 metres per second per second is written as 
2 m/s? which is read as 2 metres per second 
squared. 

In the MKS system, the unit of accelera- 
tion is metres per second per second (sym- 
bol m/s?). Notice that there are two ‘pers’ in 
the time unit. This is because acceleration is 
‘the rate of a rate’. An acceleration of 2 
m/s? means that the velocity of the body in- 
creases by 2 metres per second in every 
second. 

Suppose a car is moving with a velocity of 
10 m/s. The driver presses his foot on the ac- 
celerator and the acceleration produced in the 
car is 5 m/s. What is the velocity of the car 
after 4 seconds? Let us find out. The accelera- 
tion of the car is 5 m/s?. This means that 
the velocity of the car increases by 5 m/s in 
every second. Therefore, the velocity of the 
car after 1s, 2s, 3s, etc., is as follows: 

At the start, the velocity of the car = 


10 m/s 
After 1s, the velocity of the car = 10 + 
5 = 15m/s 


After 2s, the velocity of the car = 10 + 

5 +5 = 10 + (5 x 2) = 20 m/s 
After 3s, the velocity of the car = 10 + 
5+5+5 = 10 + (5 x 3) = 25 m/s 
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After 4s, the velocity of the car = 10 + 
(5 x 4) = 30 m/s 
and so on (see Fig. 1.3). 
Therefore, 
After tseconds, the velocity of the car = 
10 + (5 x t) m/s. 
Suppose the car started with a velocity u 
m/s and has an acceleration of a m/s’. 
After tseconds, let the velocity of the car be 
3 m/s. Then the above example shows that 


v=u+at 


where u = initial velocity of the car 
a = acceleration of the car 
and 0 = final velocity after t seconds. 


The above formula is a relation between four 
quantities: u, 3, a and t. If any three quan- 
tities are known, the fourth can be calculated 
using this formula. Look at the following 
examples. 


EXAMPLE 1 


A car is moving with a velocity of 20 m/s. It 
is accelerated at 0.5 m/s? for 10 seconds. 
Calculate its final velocity. 


Solution 

u = 20 m/s 

a = 0.5 m/s? 

t= 10s 

v=? 
Now ð =u + at 
Hence ð= 20 + 0.5 x 10 

= 20 + 5 = 25 m/s 

EXAMPLE 2 


A body, starting from rest, accelerates for 5 


Time (s) 0 1 


Es Fe So - Eo ea 
2 3 4 


Velocity(m|s) 10 15 


20 25 30 


Fig. 1.3 
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seconds and acquires a velocity of 10 m/s. 
Calculate the value of the acceleration. 


Solution 
u = 0 ("~ the object starts from rest) 
t=5s 
v = 10 m/s 
a=? 


Substituting these values in the formula, ŷ = 
u + at, We have 

10=O0+a4ax5 
or 5a = 10 
or a = 2 m/s? 
You may also find the acceleration a by us- 
ing the definition 
acceleration = change in velocity 

ee i Bd, 


time 


final velocity — initial velocity 
time 
i el 
t 
10 m/s — 0 10 m/s 
= = 2 m/s 
5s 5s 
EXAMPLE 3 


A car moving with a velocity of 15 m/s ac- 
celerates to 30 m/s at a rate of 3 m/s2. In 
how much time did it reach its final velocity? 


Solution 
u = 15 m/s 
Ù = 30 m/s 
a = 3 m/z 
t=? 
Using the formula 0 = u + at, we have 
30 = 15+ 3t 
or 3 t= 30 — 15 = 15 
or t = 5 seconds 
EXAMPLE 4 


A car reached a velocity of 30 m/s after ac- 


celerating at the rate of 2 m/s? for 6 
seconds. What was its initial velocity? 


Solution 
ù = 30 m/s 
a = 2 m/s? 
t=6s 
u=? 
Now += u + at 
u =U — at 
=30-2x6 


= 30 - 12 = 18 m/s 


Free Fall : Acceleration due to Gravity 


If you hold an object such as a ball or a stone 
above the ground and let it go, it falls 
downwards. It falls because of the gravity of 
the earth. The gravitational force of the earth 
pulls the object downwards. 


It is commonly thought that heavier objects 
fall faster than lighter objects. Take a heavy 
object like a stone in one hand and in your 
other hand take a lighter object like a piece 
of paper. Hold them at the same height above 
the ground and let them go at the same time. 
The stone reaches the ground earlier than the 
Paper. 

It was Galileo Galilei 


who Performed many experiments dropping 
objects of various sizes and masses from the 
Leaning Tower of Pisa and came to the con- 
clusion that, if air were absent, all bodies 
would fall at the same rate. It is the friction 
(or resistance) of air that slows down the piece 
Of paper. In the absence of air, it would have 
dropped just as fast as the stone. 

Galileo's conclusion was proved by Sir 
Isaac Newton (1642-1727) by his famous 
Guinea and Feather experiment shown in Fig. 
1.4. He took a long glass tube and inserted 
in it a guinea (a coin) and a feather. When 
the tube was inverted the coin travelled much 
faster than the feather (Fig. 1.4a). Then with 


(1564-1642) of Italy 


Feather 


{}-~To vacuum 
pump 


Fig. 1.4 


the help of a vacuum pump, the air from the 
tube was removed. The experiment was 
repeated with the evacuated tube. Both the 
coin and the feather were seen to travel 
together and hit the other end of the tube at 
the same time (Fig. 1.4 b). Thus we con- 
clude that, in the absence of air, all bodies 
fall at the same rate. 

Galileo went a step further and said that 
during a free fall, the velocity of the falling 
body does not remain constant, it keeps on 
increasing. You can easily see it for yourself. 


Activity 1 


Take a brick and a long nail. Fix the nail on 
the ground. Drop the brick on the head of the 
nail from a height of one metre. The nail is 
driven into the ground. Repeat the experiment 
by dropping the same brick from a height of 
half-a-metre or less. You will find that the nail 
is driven much farther into the ground in the 
first case than in the second case. Clearly the 
brick must be moving faster in the first case 
than in the second. 


Experiments have shown that the velocity 
of a body falling freely under gravity increases 
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at a constant rate. /n the absence of air, all 
bodies fall with the same constant accelera- 
tion. In most practical situations, the presence 
of air has a negligible effect. Only in the 
special case of a very light object with a large 
area such as a piece of paper, a feather, or 
a parachute, does air slow down falling 
bodies. Except in these exceptional cases, ob- 
jects fall with the same acceleration. This ac- 
celeration is known as acceleration due to 
gravity and is usually denoted by the symbol 
g.` The value of g has been found 
experimentally. 


g = 9.8 m/s? 


EXAMPLE 5 


A stone is dropped (from rest) from the top 
of a building and reaches the ground in 3 
seconds. With what velocity does the stone 
hit the ground? 


Solution 
u = 0 (" the stone is dropped from 
rest) 
t= 3is 
g = 9.8 m/s? 
v= 7% 


The formula 3 = u + atbecomes 3 = u + 
gtin this case. 


Hence 09 =0+ 9.8 x 3 
or Ù = 29.4 m/s 
Motion and Inertia 


Roll a marble on a rough floor. The marble 
travels a certain distance and gradually comes 
to rest. You have learnt earlier that a force 
can stop a moving object. Which force is now 
acting on the marble? It is the force of fric- 
tion between the marble and the floor which 
slows it down. Now roll the marble on a 
smooth polished floor with the same force as 
before. It travels a much longer distance 
before coming to rest. The reason is that a 
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smooth surface offers much less friction than 
a rough surface. 

If we imagine that friction is completely ab- 
sent then we should expect the marble to 
keep moving with the same speed and in the 
same direction for all time to come. This is 
because there would be no force acting on 
the marble. Thus we find that unless a force 
is applied, a Stationary body will Stay at rest 
and a moving body will continue to move in 
a straight line with the same speed. In other 
words, the state of rest or of uniform motion 
in a straight line of a body can be changed 
only if a force acts on the body. 
or moving, resist any 
attempt to change their state of rest or mo- 
tion. This Property of a body is called inertia. 


given by Galileo. A 
body is said to have large inertia if it is hard 


a body. The heavier 
inertia. 

Figure 1.5 illustrates the concept of iner- 
tia. If a body has large inertia, it is hard to 
make it move as shown in Fig. 1.5a. Ifa body 
with large inertia is Moving, it is hard to stop 
it or change its speed (Fig. 1.5 b). Similarly, 


it is hard to change its direction of motion 
(Fig. 1.5 c). In other words, it is hard to 
change its velocity. 


eee Ee eee ee Cee 
Activity 2 

Take a 50 paise coin, a piece of cardboard and 

an empty tumbler. Place the coin.on the card- 

board which is placed on a tumbler as shown: 

in Fig. 1.6. Now flip the card quickly with your 


Fig. 1.6 


. finger. The coin will neatly drop into the 


tumbler. Does this Observation show that the 


Coin has inertia and it resists any attempt to 
change its State of rest? 


A railway wa 
train can travel 
ing to rest. 
tion between 


You have the first- 


ly starts moving? You are thrown backwards 
because your body is at rest and tends to stay 
at rest even after the bus has started. On the 
other hand, when a moving bus suddenly 
stops, you are thrown forward and your head 
may hit the front seat. The reason is that your 
body is in motion with the bus and tends to 
stay in motion even after the bus has stopped. 


Force and Acceleration 


When a force acts on a body it changes its 
state of rest (if it is stationary) or its state of 
uniform motion (if it is moving). In order 
words, a force changes the velocity of a body. 
If the velocity of a body changes, it is ac- 
celerated. Thus a force produces an accelera- 
tion in a body. 

The acceleration produced in a body by a 
force depends upon (i) the magnitude of the 
force applied and (ii) the mass of the body. 
Try the following experiment and find out for 
yourself. 


Activity 3 

Take a carromboard. Place a carrom coin 
about 5 cm from the striker. Push the striker 
so that it hits the coin. The coin moves due 
to impact. Next, hit the coin harder than 
before. The coin moves faster than before; it 
has a greater acceleration. This shows that 
if the force is increased, it produces greater 
acceleration in the body. 

Now, with the help of some plasticine, join 
two carrom coins together. You have now got 
a composite coin of mass equal to twice the 
mass of a single coin. Hit this composite coin 
with the striker with the same force. The com- 
posite coin does not move as fast as a single 
coin does. You need a little practice to exert 
nearly the same force in the two cases. This 
shows that the greater the mass, the smaller 
the acceleration produced by a force. 
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Thus we find that when a force acts on a 

body 

(i) it produces an acceleration in the body 

(ii) the acceleration produced is greater if 
the force is increased and smaller if the 
force is decreased 

(iii) the acceleration produced is greater in 
a lighter body than in a heavier body 
if the same force acts on both 


Unit of Force 


We are now in a position to define a unit of 
force. In the MKS system, the unit of force 
is the newton. It is defined as follows: One 
newton is the force, which, when applied to 
a mass of 1 kg, produces an acceleration of 
1 m/s2. The symbol for newton is N. Thus 5 
N force when applied to mass of 1 kg will pro- 
duce an acceleration of 5 m/s?. Similarly 9.8 
N force will produce an acceleration of 9.8 


m/s? in a mass of 7 kg. 

Since 9.8 m/s? is the acceleration due to 
gravity, 9.8 N is the force with which a body 
of mass 1 kg is pulled by the gravity of the 
earth. This force is, therefore, called a kg wt. 
We now know that 


1 kg wt = 9.8 N 


Thus 1 kg wt is the force which produces 
an acceleration of 9.8 m/s? in a body of 
mass 1 kg. 

A force of 4 N produces an acceleration of 
4 m/s? in a body of mass 1 kg, or an ac- 
celeration of 1 m/s? in a body of mass 4 kg, 
or an acceleration of 2 m/s? in a mass of 2 
kg. 

These examples give us a relation between 
force, mass and acceleration. /f a force F 
newtons acts on a body to mass m kg and 
produces an acceleration a m/s, then 

F=am*x*a 
or Force = mass x acceleration 
This is the relation between three quantities 
F, mand a. If any two quantities are known, 
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the third quantity can be calculated using this of gravity acting on it. Express your answer 
relation. Remember that force F isin newtons, in kg wt and newtons. 

mass m in kilograms and acceleration a in, 
metres per second squared. Look at the 
following examples. 


Solution 
The force of gravity is 10 kg wt. Now 
1kgwt = 39.8N 

ex ES z AG kg wt W «x SSW = VN 
Calculate the force which will produce an ac- 
celeration of 3.5 m/s? in a body of mass 4 á 
kg. Figure 1.7 shows a boy standing on a trolley 

and holding one end of a rope. The other end 


Action and Reaction 


Solution 
a = 3.5 m/s? 
m= 4kg 
F=m x a= 4kg x 3.5 m/s? 
= 14N 
EXAMPLE 7 


A force of 10 N acts on a body of mass 200 
g. Calculate the acceleration produced. 


Solution ee 
F=10N is ti 
of the rope is tied to a nail fixed firmly in a 
200 4 
m = 200g = kg = 0.2 kg wall. The boy pulls on the rope. What hap- 
1000 pens? The trolley moves towards the wall. 
Now You know that only a force can move a body 
Pear sees at rest. Which force is moving the trolley? The 
Se 10N | ae boy is not exerting a force on it. He is exer- 
GC StS ek a m/s ting a force on the wall. This force is called 
m 0.2 kg 


the action. How does the trolley move? Who 
ba: ei is exerting a force on it? It is the wall which 
exerts a force on the trolley. This force is call- 
ed the reaction. Thus, forces always occur in 
pairs. Newton called the pairs action and 


A force of 1500 N produces an acceleration 
of 6 m/s? in a car. Find the mass of the car. 


Solution reaction. 
F = 1500 N The forces of action and reaction are in op- 
a = 6m/s posite directions. Notice that the forces of ac- 
Now F=mxa tion and reaction do not act on the same 
F 1500 N body; they act on different bodies. In Fig. 1.7 
o m= = =. = 2kg the action force acts on the wall and the wall, 


a 6 m/s? in turn, exerts a reaction force on the trolley. 


EXAMPLE 9 More Examples of Action and Reaction 


A body has a mass of 10 kg. What is the force 1, Sit on a chair placed near a heavy table. 


Try to pull the table towards yourself. 

What happens? Your chair moves towards 

the table. The force you exerted on the 

table is the action. The table, in turn, ex- 
erts a force on you and the chair —this 
force is the reaction. Action and reaction 
act in opposite directions on different 
bodies. The force of action is exerted on 
the table and the force of reaction is ex- 
erted on the chair. 

. Try this interesting experiment yourself. 
Blow up a balloon and hold its mouth firm- 
ly in your hand as shown in Fig. 1. 8a. Sud- 


i Movement of 
balloon 


Escaping 


denly release the balloon and watch its 
movement. The balloon will move away 
from your hand (Fig. 1.8b). The air escapes 
from the mouth with a force (action). The 
escaping air pushes the balloon in the op- 
posite direction (reaction). 


. The motion of rockets depends on action 


and reaction. The rocket expels hot gases 
with a very large force (action). The escap- 
ing gases exert an opposite force on the 
rocket (reaction). You have played with 
rockets during Deepawali. When you set 
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fire to a rocket, the chemicals pasted ir. 
its head are ignited. The rocket expels hot 
gases in the downward direction and the 
rocket itself moves in the upward direc- 
tion. This is shown in Fig. 1.9. 


j Rocket moves 
upward 


Hot gases 


4. A motorboat pushes water backwards and 


the water exerts an opposite force on the 
boat in the forward direction. 


. When a boatman wants to go away from 


the bank of a river, he pushes on the bank 
with his pole (action). The bank pushes the 
boat in the opposite direction (reaction). 


. Suppose you are standing on the ground. 


In order to start walking you push your 
foot against the ground. You exert a force 
on the ground (action). The ground exerts 
on opposite force on you (reaction). It is 
this force which causes you to move for- 
ward. To move a stationary object (in this 
case you are the object), a force must be 
exerted on that very object. The only force 
exerted on you is the one exerted by the 
ground. 


. When a gun is fired, the bullet moves for- 


ward with a very high speed. The forward 
push exerted by the gun on the bullet is 
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the action. The reaction is the force ex- 
erted by the bullet on the gun. This force 
pushes the gun backwards. The backward 
movement of the gun when it is fired is 
called its recoil. Try the following experi- 
ment and see this effect yourself. 


Activity 4 
You will need an old wooden ruler, three nails, 
a rubber band, a small stone, three small 
round pencils to act as rollers and a box of 
matches. With a hammer fix the nails firmly in 
the wooden ruler as shown in Fig. 1.10. 


Rubber band 


Fig. 1.10 


Cut the rubber band and tie its ends to nails 
A and B as shown in Fig..1.10. Tie one end 
of a thread to the midpoint of the rubber 
band. Stretch the rubber band by pulling at 
the thread. Tie the other end of the thread 
to nail C, making sure that the rubber band 


is well stretched. Fix the stone between the 
rubber bands as shown. Now place the ruler 
on three round pencils. 

The stone is the bullet and the ruler is your 
gun. Light a match and burn the thread at 
point D. What do you observe? The stone 
moves forward and the ruler recoils in the 
backward direction. 


Action and Reaction are Equal and Opposite 


A spring balance A is fixed to a wall. The hook 
of this balance is attached to another spring 
balance B as shown in Fig. 1.11. A pull force 


Fig. 1.11 
is applied on balance B. 
the spring balances show the same reading. 


It is found that both 


The spring balance B e 
on the spring balance A. The spring balance 
A, in turn, exerts an equal and Opposite force 
(reaction) on the Spring balance B. This ex- 


periment shows that action and reaction are 
equal and opposite. 


Thus we conclude that whenever one ob- 
ct exerts a force on the second object, the 
second object exerts an equal and opposite 
force on the first ot to every action there is 
an equal and opposite reaction, 


xerts a force (action) 


je 


POINTS TO REMEMBER 


1. Displacement of a body is the distance it 


travelled by it in a particular direction (i.e. 
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5. Acceleration is the rate of change of velocity. In the MKS system 
second per second or metres per second squared (m/s?) 


6. t =u + at 
where u = initial velocity of the body 


travels in a particular direction. 
Speed of a body is the distance travelled by it in a unit interval 


its displacement) in 


10. 


11. 
12% 
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a = acceleration of the body 
and v = final velocity after ts 
All bodies fall on earth with the same constant acceleration called acceleration due to gravity (g). 
= 9.8 m/s? 

Inertia is the property or tendency of a body to resist any change in its state of rest or of uniform motion 
in a straight line. Mass is a measure of inertia of a body. 
Force is an agency which produce acceleration in a material body. 

Force = mass x acceleration 

‘rF=>mxa 
In the MKS system, the unit of force is called newton (N). One newton is the force which produces an ac- 
celeration of 1 m/s? in a bodv of mass 1 kg. 

l kg wt = 9.8 N 

One kg wt is the force with which a body of mass 1 kg is pulled by the gravity of the earth. In other words, 
1 kg wt is the force which produces an acceleration of 9.8 m/s? in a body of mass 1 kg. 
Forces always occur in pairs. Newton called these pairs action and reaction. 
Whenever one object exerts a force on a second object, the second object exerts an equal and opposite 
force on the first or to every action there is an equal and opposite reaction. 


QUESTIONS 


(a) Distinguish clearly between the terms speed and velocity. 

(b) Give an example of a motion in which the speed is constant but the velocity is variable. 

(a) Define the term acceleration and state its unit. 

(b) A car accelerates at a rate of 5 m/s?. What does this statement mean? 

(a) A body is moving with a uniform velocity of 5 m/s. How far will it go in one minute? 

(b) The speed of light is 3 x 108 m/s. How many minutes does it take for the light of the sun to reach 
us on earth which is 1.5 x 108 km away? 

(a) A car starts from rest and acquires a speed of 20 m/s in 10 seconds. What is the acceleration of the car? 

(b) An object has an initial velocity of 10 cm/s and is being accelerated at a constant rate of 5 cm/s?. What 
is its velocity after 5 s? 


(c) A car whose initial speed is 10 m/s receives an acceleration of 2 m/s?. How long does it take the car 
to acquire a speed of 20 m/s? 


(a) What is acceleration due to gravity? What is its value on earth? 


(b) A stone is dropped (from rest) from the top of a building. It reaches the ground in 2 s. With what velocity 
does the stone hit the ground? 

(a) What do you understand by the term inertia of a body? 

(b) Described an experiment which shows that a body at rest tends to stay at rest. 

(a) What is meant by the term force? 

(b) State and define the unit of force in the MKS system. 

(c) A force of 20 N acts on a body of mass 5 kg. What is the acceleration produced? 

(d) How much force will produce an acceleration of 5 m/s? in a body of mass 10 kg? 

(e) A force of 25 N acts for 4 s on a body of mass 2 kg initially at rest. Determine (i) the acceleration pro- 
duced and (ii) the velocity of the body at the end of 4 s. 

(a) Give two examples which show that action and reaction are opposite. 

(b) Describe an experiment which shows that action and reaction are equal and opposite. 

(c) Look at the pictures (a) and (b) shown in Fig. 1.12 and indicate the action and reaction involved. 

(d) Figure 1.13 shows two boys A and B standing on skate boards holding a long rope between them. 
A pulls the rope towards himslef. Pick the correct statements from the following: 


(i) B moves towards A but A remains stationary. 
(i) | A moves towards B but B remains stationary. 
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10. 


Fig. 1.12 


Fig. 1.13 


(iii) £ Both A and B move towards each other. 

liv) B does not exert any force on A. 

(v) A exerts a force of action on B and B exerts a force of reaction on A. 
(vi) A exerts a force of reaction on B and B exerts a force of action on A. 
(vii) The action and reaction both act on A. 

(viii) The action and reaction both act on B. 

Give reasons for the following. 

(i) Passengers fall backwards when a bus suddenly starts, 

(ii) Passengers are jerked forward when a moving bus suddenly stops. 
(iii) A gun recoils when_itis fired 

(iv) A body weighs less on the moon than on the earth. 

(v) Dust particles are removed from a Carpet by beating it with a stick. 
Mark true or false 

(i) | Mass and weight are both measured in kilograms, 

(ii) A body moving at constant Speed has a constant velocity, 

(ii) A body moving with constant velocity has no acceleration, 


| 


11. 


(iv) 
(v) 
(vi) 
(vii) 
(viii) 
(ix) 
(x) 


More about Motion 13 


A body can move with constant velocity only if a force acts on it. 

Only a force can produce acceleration in a material body. 

Mass is a measure of inertia of a body. 

Both moving and stationary bodies have inertia. 

Only stationary bodies have inertia. 

A bicycle has more inertia than a car if both are moving at the same speed. 
Action and reaction act on different bodies. 


Fill in the blanks using the choices given in brackets. 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


(vii) 


(viii) 


(ix) 


(x) 


The MKS unit of mass is and that of weight is 
(kg, m/s?, N). 


The unit of acceleration is (m/s, N, m/s). 


Acceleration = force + (mass, weight, velocity). 


1 newton is approximately equal to kg wt (1/10, 1, 10) 


1 newton of force will produce in a mass of 1 kg an acceleration of 


cm/s? (1, 10, 100). 


The acceleration of a body is 2 m/s*. This means that the velocity of the body increases 


by m/s every 2 seconds. (1, 2, 3, 4). 


If the friction of air is neglected, all bodies will fall to the earth with the same 


(velocity, force, acceleration). 


The force with which a body of mass 1 kg is pulled by the earth is equal to 
N (1, 1/9.8, 9.8). 


If a force of x newtons produces an acceleration of y m/s? in a body of mass z kg 


then x = (yx, y/z, z/y). 


A body moving in a circle with a constant speed has a 


(uniform, variable). 


velocity 


CHAPTER 


if 


Work and Simple Machines 


Everybody does some work every day. You 
work when you play or pedal a bicycle or lift 
a load. Some people work in offices others 
work in factories. People in factories perform 
manual work like lifting and carrying heavy 
loads. 

In general conversation we use the word 
work rather vaguely. For example, we say that 
Rajesh is more hardworking than Rahul or that 
Ram is very active and can do a lot of work. 
In physics, however, the word work has a 
special meaning. Let us try to understand 
what a scientist means by the term work. 


Work 
Work and Motion 


In physics, work is defined in a very special 
way that describes what is achieved by the 
action of a force on a body. Work is said to 
be done if the force applied to the body suc- 
ceeds in moving it. If no motion takes place, 
no work is said to be done. For example, a 
horse pulling a cart does work, an engine pull- 
ing a train does work, a person lifting a load 
does work, a cyclist pedalling a bicycle does 
work, and so on. 
However, a person may exert a force and 
yet do no work: For example, a man pushing 
against a wall does no work if the wall does 


not move. He may get tired but he does no 
work if he does not succeed in moving the 
wall. Similarly, if you hold a heavy object in 
your hand and stay motionless, you do no 
work even though you may get tired holding 
it. 

Thus, for work to be done, two conditions 
must be fulfilled: 

(i) a force must be applied 

(ii) the force must produce motion. 


Measurement of Work 


If you lift a box full of heavy articles from the 
ground floor to the first floor of your house, 
you would have to do more work than if you 
lift the empty box through the same distance. 
You would have to apply a greater force to 
lift the box full of articles than to lift the empty 
box. This shows that the work done depends 
upon the magnitude of the force applied. 

Now Suppose you lift the box full of articles 
from the ground floor to the second floor of 
your house. You would have to do more work 
than if you lift the same box from the ground 
floor to the first floor. This shows that the 
work done depends also on the distance 
through which the force is applied. 

Thus we conclude that the amount of work 
depends on the magnitude of the applied 


force as well as the distance moved in the 
direction of the force. The work (W) done by 
a force (F) on a body is given by the product 
of the force and the distance (D) moved in 
the direction of the force. 


W=FxD 


Inthe MKS system, the unit of work is call- 
ed the joule (symbol J). One joule of work is 
said to be done if a force of one newton ac- 
ting on a body moves it through a distance 
one metre in the direction of the force. 


1 joule = 1 newton x 1 metre 
or1J=1N x Im = 1Nm 


One newton metre is called one joule. 


EXAMPLE 1 


A force of 250 N moves a body through a 
distance 4 m. Calculate the work done by the 
force. 


Solution 
Force (F) = 250 N 
Distance (D) = 4m 
Work done (W)'= F x D 
= 250N x 4m 


= 1000 N m = 1000 J 


EXAMPLE 2 


Calculate the work done in lifting a mass of 
5 kg to a height of 50 cm. 1 kg wt = 10 N 


Solution 

An object of mass 5 kg has a weight of 5 
kg wt. This is force which must be applied 
to lift it against gravity. Therefore 

= 5kg wt = 5 x 10 = 50N 


Now Distance moved (D) = 50 tm = 
i 0.5 m 
Work done (W) = F x D 
= 50N x 0.5m 
= 25 Nim = 25: J 
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Simple Machines 


What is a Machine? 


Machines play a very important role in our 
lives. Machines help us to do work more easi- 
ly. You must have seen people doing different 
kinds of jobs with the help of machines. Many 
jobs are so difficult that they cannot be done 
without the help of machines. Many other 
jobs, which are not so difficult, are made 
much easier by machines. Let us look at some 
examples. 

Suppose you are asked to open a tight- 
fitting lid of a tin. What would you do? You 
would not be able to open the lid with your 
finger nails. Take a spoon and insert the han- 
dle of the spoon between the lid and the edge 
of the tin. Now press the other end of the 
spoon. The lid comes off (Fig. 2.1). Here the 
spoon serves as a machine to do the job of 
opening the lid. 


Fig. 2.1 


Suppose you wish to open a corked bot- 
tle. What do you do? You take a screw, in- 
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sert it in the cork and pull. The bottle is easi- 
ly opened (Fig. 2.2). 


Fig. 2.2 


Suppose you wish to move a very heavy 
load from one place to another. It is not easy 
to lift or push a heavy object. But if it is plac- 
ed on a trolley with wheels, it is much easier 
to push (Fig. 2.3). 


These examples show that a difficult job is 
made easy if we use a machine to do the job. 
Thus, a machine is a device which makes a 
difficult job easy. 


Effort and Load 


No machine can work by itself. A force is ap- 
plied to some part of a machine. This force 
is called the input force or effort. This force 
moves that part through a certain distance. 
As a result of this some other part of the 
machine exerts a force. This force is called 


‘the output force or load (Fig. 2.4). 


Load (w) 


Machine 
Box B 


Effort — 


(P) 


Fig. 2.4 


In this chapter we shall learn about a few 
basic or simple machines such as lever, wheel, 
inclined plane, screw and pulley. In most of 
these machines, the load (output force) is 
greater than the effort (input force). In other 
machines, however, the load is equal to the 
effort but the load acts in a desired direction 
orina convenient manner. 

Thus, a machine is a device which enables 
Us to exert a force greater than the force ap- 


plied to it or to exert a force in a convenient 
direction. 


Mechanical Advantage of a Machine 


The main purpose of a machine is to lift a 
heavy load (or exert a large force) when a 
small effort (or input force) is applied to It. 
The mechanical advantage of a machine is the 


ratio of the load (or output force) and the ef- 
fort (or input force). 
Load 


Mechanical advantage = 
Effort 


The smaller the effort required to lift a cer- 
tain load, the greater the mechanical advan- 
tage of the machine. The factor by which a 
machine multiplies the effort is the mechanical 
advantage of the machine. 


Efficiency of a Machine 


Let us say that the box B in Fig. 2.4 represents 
a machine. Let an effort (P) (input force) be 
applied at a certain part of the machine which 
moves it through a distance D. Let the out- 
put force (called load) be W and let us say 
that it moves a load through a distance d. 
Then 
Work done on the machine = input force x 
distance moved = P x D 
Work done by the machine = output force x 
distance moved = W x d 


If no work is wasted or lost, the work done 
on the machine must be equal to the work 
done by the machine or 

P wps WX id 
or Effort x Effort arm = Load x load arm 


This is the principle on which a machine 
works. A machine in which no work is wasted 
is called an ideal or perfect machine. No 
machine is perfect because some part of work 
is always lost in overcoming friction between 
the moving parts of a machine. Hence the 
useful work done by a machine is always less 
than the total work done on the machine. 
The efficiency of a machine is the ratio of 

the useful work done by a machine and the 
total work done on the machine. 
Efficiency = 

Useful work done by a machine 

Total work done on the machine 
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In an ideal or perfect machine, no work is 
wasted and all the input work is converted in- 
to useful work. In other words, the efficien- 
cy of an ideal machine is unity (or 100 per 
cent). The efficiency of an actual machine is 
always less than 1 or less than a 100 per cent. 


EXAMPLE 3 


In a machine, an effort of 5 N moving through 
5 cm moves the load through a distance of 
1 cm exerting a force of 20 N. Calculate the 
mechanical advantage and efficiency of the 
machine. 


Solution 


Effort (P) = 5 N, Distance moved by effort 
(D) = 5cm = 0.05 m 
Load (W) = 20 N, Distance moved by load 
(d)= 10 cm = 0.01 m 
Mechanical advantage 

Load 20 N 


Effort 5N 
Work done on the machine 
= Px D=5N > 0.05m - 
Work done by the machine 
= W x d = 20N x 0.01 m = 0.2 J 


! 
i 


0. 25 J 


Efficiency 
_ Work done by the machine 


~ Work done on the machine 
02d 


0. 25 J 


= 0.8 or 80 per cent 


Levers 


A lever is a rod which can turn about a fixed 
point called the fulcrum. When a force (call- 
ed effort) is applied at one point on the lever, 
a force (called load) is exerted at another 
point. Levers are divided into three classes 
depending on the position of the fulcrum, ef- 
fort and load. 
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Levers of First Class 

The levers in which the fulcrum is between 
the effort and the load are called levers of first 
class. A see-saw is an example of lever of first 
class. On a see-saw a small boy can easily 
balance a big boy (Fig. 2.5). This is possible 


Small boy 


Fulcrum 


Fig. 2.5 


if the big boy sits near the fulcrum and the 
small boy sits away from the fulcrum. The 
small boy exerts the effort and the big boy 
is the load which is lifted up. Thus, if the 
distance of the effort from the fulcrum is more 
than that of the load from the fulcrum, a lit- 
tle effort can lift a big load. This type of lever 
reduces Considerably the effort we have to put 
in to do the job. 


Other examples of levers of first class are: 
spoon to open the lid of a tin (Fig. 2.1); crow 
bar; pliers; scissors; handle of a hand pump; 
hand brake of a bicycle. 

Figure 2.6 shows a few levers of first class, 


Levers of Second Class 


The levers in which the load is between the 
fulcrum and the effort are called levers of se- 
cond class. The fulcrum is at one end and the 
load is closer to the fulcrum than the effort. 
This lever also reduces the effort that we 
have to put in to do the job. 

Examples of levers of second class are: nut 
cracker; wheelbarrow; lemon squeezer; foot 
bellows; mango cutter. 

Figure 2.7 shows a few levers of second class. 


Fulcrum 


Effort 
Load 


Bottle Opener 
Fig. 2.6 


"Effort 
Fulcrum 


Fulcrum 
Wheel barrow 
Fig. 2.7 


Levers of Third Class 


The levers in which the effort is between the 
fulcrum and the load are called levers of third 
class. The fulcrum is at one end, but the ef- 
fort is closer to the fulcrum than the load. In 
these levers the output force (load) is less than 
the input force (effort). In spite of this disad- 
vantage, these levers are useful for lifting tiny 
objects or objects that cannot be touched by 
hand such as a piece of burning coal. 

The examples of levers of third class are: 
a pair of tongs; forearm of a person holding 
a load; a knife used to slice bread. 

Figure 2.8 showss levers of third class. 


Burning 
ae Load Effort 


A pair of tongs 
Load 


Fulcrum 
Knife used for slicing bread 


Effort 


Fore-arm holding a weight 
Fig. 2.8 


Activity 1 


Take an iron rod and tie a heavy load (such 
as bag containing 5 kg of rice) at one end of 
the rod. Place the rod on your shoulder, 
holding the other end A of the rod as shown 
in Fig. 2.9. Start with load as near your 
shoulder as possible and your hands as far 
away from the shoulder as possible. Do you 
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Fig. 2.9 


feel that you can hold the load with very little 
effort? 

Now slide the rod over your shoulder, thus 
increasing the distance between the load and 
the shoulder and decreasing the distance bet- 
ween your hand and the shoulder. What do 
you find? Is it difficult to hold or carry the load 


“now? 


Activity 2 
Take a long rod and use it as a crowbar to 
lift a heavy box in your house. 


Activity 3 
You will need a metre scale, a knitting nee- 
dle, two bricks, cellotape or plasticine and a 
number of 25 paise coins. 

Tape the needle to the centre of the metre 
scale and place it on two bricks as shown in 
Fig. 2.10. The scale will balance on the nee- 
dle. If it does not, use tiny bits of plasticine 
to balance it. 

Use four coins as the load and place them 
10 cm from the fulcrum. Find out where you 
should keep a single coin on the other side 
of the fulcrum in order to balance this load. 
Measure the distance between the coin and 
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Cellotape Needle 


(Fulcrum) 


(Load) 


Supports 
(Bricks ) 


One coin 
«Effort ) 


Fig. 2.10 


the fulcrum. Use the weight of one coin as 
a unit of load. Calculate load x load arm and 
effort x effort arm. The effort is the weight 
of one coin. 

Repeat your experiment using two coins 
and four coins as the effort. You will find that, 
in each case, 

Load x load arm 


Effort x effort arm 


Since load x load arm = effort x effort 
arm, the mechanical advantage of a lever is 


given by 

Mechanical advantage = 
Load Effort arm 
Effort Load arm 


Now look at Fig. 2.6 which shows levers of 
first class. Notice that the effort arm is greater 
than the load arm. In other words, the 
mechanical advantage of levers of the first 
class is greater than 1. Figure 2.7 shows that 
the mechanical advantage of levers of second 
class is also greater than 1. But the 
mechanical advantage of levers of third class 
is less than 1 (see Fig. 2.8) because the effort 
arm is less than the load arm. Although there 
is a mechanical disadvantage in using levers 
of the third class, these levers are useful in 
lifting tiny objects or objects which cannot be 
touched by hand such as a piece of burning 
coal. 


Figure 2.11 shows how the three kinds of 
levers can be represented in a diagram. 


Load vq parenn Eftort arm 


< z -> 
| Class I Effort 


Load 


Eftort 
me Effort arm 


< z>- Load arm 
Fulcrum 
Class II 

© Load 


Effart Effort arm 


Load arm 
< 


i 
Fulcrum 


Load 


Class III 
Fig. 2.11 


EXAMPLE 4 


A big boy and a small boy sit on either side 
of a see-saw as shown in Fig. 2.5. If the big 
boy weighs 50 kg and sits. 120 cm from the 
fulcrum, where should the small boy weighing 
30 kg sit so as to balance the see-saw? 


Solution 

Load = 50 kg wt 

Load arm = 120 cm 

Effort = 30 kg wt 

Effort arm = ? 

Now Effort x effort arm = Load x load arm 


or 30 kg wt x effort arm = 50 kg wt x 
120 cm 
Effort arm = 
50 kg wt 
g wt x 120 cm = 200 em 
30 kg wt 
EXAMPLE 5 


A crowbar of length 1 metre shown in Fig. 


2.12 is used to lift a load of 90 N by placing 
a fulcrum at a distance of 10 cm from it and 


Fig. 2.12 


applying an effort at the other end as shown. 
What is the mechanical advantage of the lever 
and how much effort is needed to just lift the 
load? 


Solution 


Load 

Load arm 10 cm 

Effort arm = 90 cm 

Mechanical advantage = 
Effort arm 


90 N 


90 cm 


Load arm 10 cm 
Now effort « effort arm = load > 
load x load arm 


load arm 


effort - 
ettort arm 


90 N x 10 cm 
90 cm p 


Thus an effort of only 10 N will be needed to 
lift a load of 90 N. 


10 N 


Pulleys 

The pulley is a simple machine which is used 
for lifting loads. You must have seen a per- 
son lifting a bucket full of water from a well 
using a pulley. A pulley consists of a circular 
disc made of metal or wood which can rotate 
about an axle passing through its centre. It 
has a groove cut along its rim so that a string 
can pass round it: The ends of the axle are 
supported on a frame known as the block as 


shown in Fig. 2.13 (a). 
VERRT.Y 


i 25.1.9 8 


a AOS. 
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Fixed support 


— Block 
Effort 


Axle 
(a thin rod 
perpendicular 


Groove 
to the page) 


Load (w) 
(b) 


Fig. 2.13 


The load is attached. to one end of a string 
which passes over the pulley and the effort 
is applied at the other end as shown in Fig. 
2.13(b). It is clear from the diagram that ef- 
fort (P) to be applied must be equal to the 
load to be lifted. 


WSP. 
Therefore, mechanical advantage = 
Load (W 
Effort (P), 


In other words, there is no mechanical ad- 
vantage in the use of this pulley. This is true 
only for a perfect or ideal pulley. In an actual 
pulley the mechanical advantage is less than 
1 because a part of the effort is used up in 
overcoming the frictionʻin the pulley. In other 
words, the effort is more than the load and, 
therefore, there is a mechanical disadvantage. 
Then why do we use the pulley? The reason 
is that it is much easier to apply a force in a 
downward direction than in an upward direc- 
tion because we can use our own weight in 
order to apply effort. The main advantage of 
the pulley is that it allows us to apply the force 
in a convenient direction. 

The pulley described above is called a fix- 
ed pulley. Its block is attached to a fixed sup- 
port. No mechanical advantage is gaine 
this pulley. If we wish to gain a mecha 


RY 
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advantage from a pulley, we can use it as 
shown in Fig. 2.14(a). It is called a movable 


=" 
Eftort P= 2 


NIE 
nja ®© 


Load (w) 
(b) 


Fig. 2.14 


Load (w) 
(a) 


pulley. The load to be lifted is attached to the 
block of the Pulley. i 
fixed to a support 
the other end. 
Now the load W is distributed over the 


effort (P) to be applied to lift the load is only 
Ww 
— Thus 


2 w 
“. Mechanical advantage = — = 2 

In other words, in order to lift a load of 50 kg 
wt, an effort of only 25 kg wt is needed. 
However, now the effort has to be applied in 
an upward direction because the String 2 has 
to be pulled upwards. This is inconvenient. 
This can be avoided by combining the 
movable pulley with a fixed pulley as shown 
in Fig. 2.14 (b). The fixed Pulley simply 
changes the direction of the effort; it enables 
us to apply the necessary effort of 25 kg wt 
in a convenient direction to lift a load of 50 
kg wt. 


The Inclined Plane 
Suppose you wish to toaa a heavy drum full 


of cement on a truck. Lifting the drum and 
putting it on the truck will be extremely dif- 
ficult. Now look at Fig. 2.15 and observe how 


Inclined 
plane 


Fig. 2.15 


the man is trying to put the drum on the truck. 
He is using a sloping surface (a wooden 
plank). It is easier to Push the drum along the 
sloping surface than to lift it up vertically. 

A sloping surface is called an inclined plane. 
The word inclined means sloping. 

You must have Seen people pushing a 
Scooter, motor cycle or bicycle along the ramp 
(inclined plane) Provided in a building. Tall 
buildings and hospitals are Provided with 
ramps to help People climb up or carry loads. 

Let us find out how much easier it is to 
Carry a load along an inclined plane than to 
lift it up Vertically. Using a Spring balance find 
Out the weight of a wooden block (see Fig. 
2.16 a). Now place the block on an inclined 


(a) 


Fig. 2.16 


plane. With a spring balance find out how 
much force is needed to support the block on 
the inclined plane, so that the block does not 
slip down. This force will be less than the 
weight of the block (Fig. 2.16 b). If the inclin- 
ed plane is less steep, the force needed to 
support the block on it is found to decrease, 
making it easier to carry along the inclined 
' plane. 

Staircases in buildings are also an exam- 
ple of the use of an inclined plane. Steps are 
provided on an inclined plane to make a 
staircase. 


The Screw 

You must have seen a carpenter using screws 
and bolts to hold things together. A screw is 
made by cutting spiral grooves on the surface 
of a metal rod. The spiral ridges so formed 
„are called the threads of the screw (Fig. 2.17a). 


Head 


Grooves 


(b) Making a screw from 
an inclined plane 


Fig. 2.17 


Take a screw and try to drive it into a block 
of wood by hammering it on its head with a 
hammer. You will find it very hard to drive the 
screw. Now, with the help of a screw driver, 


Work and Simple Machines 23 ; 


simply turn the screw. The screw will easily 
drive into the wood and its hold on the wood 
is better than that of an ordinary nail. It can- 
not be pulled out as easily as a-nail can be 
pulled out. 

Why is it easier to drive the screw with a 
screw driver than by hammering it? The rea- 
son is that a screw has an inclined plane 
wrapped round a rod. The threads of the 
screw are like a ramp in a circular form. It is 
something like a circular staircase. Figure 
2.17b shows how a screw can be obtained 
from an inclined plane by simply winding an 
inclined plane around a rod or a pencil. 


Screw Jack 


You must have seen a motor mechanic us- 
ing a jack to lift a car. The jack uses the prin- 
ciple of screw. It is called screw jack. It is us- 
ed to lift heavy vehicles like cars, buses and 
trucks (Fig. 2.18). 


Wheel 
Wheel is one of the earliest and the most im- 
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portant inventions of man. Suppose you wish 
to push a heavy load on a road. You will find 
it very hard to do so as it requires a lot of ef- 
fort to push a very heavy load. Now Push a 
few cylindrical logs under the load (Fig. 2.19). 


ed by wheels, i 
the load. That is why all our vehicles are pro- 
~vided with wheels. 


Care of Machines 


Man has been using machines from the 
earliest times. Today, we use various types 
-of machines; from very simple ones to very 
complicated ones used in industry. A com- 


1. Work is said to be done if a fi 


plicated machine is a combination of a few 
simple machines such as the lever, inclined 
plane; Screw, pulley, wheel. Look carefully at 


your bicycle and find out how many simple 
machines it has. 


Machines 
Therefore, we 


I orce applied to a body Produces motion. 


2. The amount of work done de 
force is applied. 


6. The efficiency of a machine is the rat 
on the machine. 


force) and the effort (on input force). 
e machine and the total work done 


10. 
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Levers are simple machines most commonly used. Levers are of three classes. Class 1 levers have a fulcrum 
(F) between load (L) and effort (£). In class 2 levers, the load is between fulcrum and effort and in class 
3 levers, the effort is between load and fulcrum. You can memorize it as follows: 

F, Land E 

Each in the centre be 

Make levers of class one, two and three. 

A single fixed pulley is used for lifting a load by applying the effort in a convenient direction. There is no 
mechanical advantage in the use of single fixed pulley. Mechanical advantage is gained in a movable pulley; 
the effort applied is less than the load. 

A sloping surface is called an inclined plane. It is easier to carry a load along an inclined plane than to lift 
it vertically upward. 

We use machines for convenience. Therefore, we should take proper care of our machines. 


QUESTIONS 

(a) What is the meaning of the term work? 

(b) State the factors on which the work done by a force on a body depends. 

(c) State and define a unit of work. 

(d) Does a person do any work if he carries a suitcase and 
(i) stays motionless, 

(ii) walks on a horizontal surface, and 
(iii) climbs up a hill? 

(e) A force of 100 N moves a body through of distance of 50 cm. Calculate the work done by the force 
and state its unit. 

(a) What is a machine? 

(b) What is the principle on which a machine works? 

(c) Define the terms mechanical advantage and efficiency of a machine. 

(d) Can a machine have an efficiency of 100 per cent? State the reason for your answer. 

(e) In a machine a force of 20 N is applied to the input button which is pushed inward through a distance 
of 20 cm. The output platform moves through 2 cm exerting a force of 150 N. Calculate the mechanical 
advantage and efficiency of the machine. 

(a) Describe the three classes of levers giving one example of each. Draw neat diagrams showing the posi- 
tion of the fulcrum, load and effort. 

(b) Name the class to which the following levers belong: a pair of scissors, a lemon squeezer, a pair of 
sugar tongs, a claw hammer, a beam balance, a fishing rod, a nut cracker, oar of a rowboat, and a 
bicycle brake. 


(b) (c) 
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6. 


(c) The human body is a complex machine. Figure 2.20 shows three levers found in a human body. To 
which class does each lever belong? What job does each lever perform? 

(d) The effort arm of a lever is 5 m long and its load arm is 2 m long. Find.the effort needed to raise a 
load of 75 kg wt. What is the mechanical advantage of the lever? 

A man applies a force of 50 kg wt to a crowbar in order to lift a boulder weighing 500 kg wt. If the effort 

arm is 100 cm long, what should be the distance of the fulcrum from the boulder? 

Figure 2.21 shows a nutcracker with a fixed base. Study the diagram and answer the following 

questions:. 


“Fixed base > 


~ 


(i) Where are the fulcrum, load and effo 
(ii) To what class does this lever belong? 
(iii) What is the mechanical advantage of the lever? 


rt? Copy this diagram and mark the labels F, Land £. 


Figure 2.22 shows a fixed pulley. Study the diagram and answer the following questions 


Load = 400N 
Fig. 2.22 


(i) What is the mechanical a 
(ii) What is its efficiency? 

(iii), Why is the efficiency not a 100 Per cent? 
(iv) The effort needed is 


vantage of the pulley? 


7. 
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Mark true or false 

(i) A labourer carrying a heavy load on his head and walking on a level road does not do any work. 
(ii) Whenever a force is exerted, work is done by the force. 

(iii), There is no mechanical advantage in the use of a single fixed pulley. 

(iv) In an actual machine, the efficiency is always greater than a 100 per cent. 

(v) The mechanical advantage of levers of class three is greater than unity. 

(vi) The mechanical advantage of a machine is always greater than unity. 

(vii) The mechanical advantage of a machine may have any value from a small fraction to a large number. 
(viii) It is easier to lift a load vertically upward than to push it along an inclined plane. 

Fill in the blanks using the choices given in brackets 

(i) If a force of 10 N moves a body through a distance of 10 cm, the work done by the force 


is (1 J, 10 J, 100 J). 


(ii) The unit of force is the _._=—=—SS aan the unit-of work is 


(joule, netwon). 


(iii) In levers of class 2, the _____________ lies between the 
and (fulcrum, effort, load). 
(iv) The useful work done by a machine is always _________ the total work 


done on the machine. (equal to, more than, less than). 


(v) A single fixed pulley is used to (increase the effort, increase 


the load, apply force conveniently). 


CHAPTER 


Pressure in Liquids 


and Gases 


What is Pressure? 
Consider a book lying on a table, The Weight 
of the book exerts a downward force on the 
table. This force acts over 4 certain area of 
the table. The area over which the force acts 
is equal to the area of the face of the book 
in contact with the table. The force acting on 
a surface is called thrust. 


The term pressure iS used to measure and 


force acting on a sur- 


force depends on the 
area upon which it acts. Try the following sim- 
ple experiment and find out for yourself, 


Activity 1 


Take a heavy book and balance it on the palm 


very small area, the 
ncil. Thus a force has 
S Over a different area. 


area of the tip of the pe 
a different effect if it act: 


In the language of scie 
the second Case, t 
in the first Case. 

Pressure is defined 
exerted per unit area, 


nce, we say that, in 
he pressure is greater than 


as the force or thrust 


Force or thrust 


That is, Pressure = 


Area 
It is clear that the smaller the area over which 
a force acts, the greater the pressure. 


Unit of Pressure 


In the MKS system, force is measured in 
newton (N) and area is square metre (m2). 
Therefore, in the MKS system, the unit of 
pressure is newton per square metre (N/m?). 

Let us calculate the pressure exerted by a 
brick on a table. Figure 3.2 shows a brick of 


(a) 


Table top > 


j 


(b) 
Fig. 3.2 


dimensions 20 cm x 10cm x 5 cm lying on 
a table. In Fig. 3.2a the brick is lying on its 
side and in Fig. 3.2b the same brick is standing 
on end. What is the pressure exerted by the 
brick in each case? 

Suppose the mass of the brick is 5 kg. It 
exerts a force of 

5kg x 9.8 m/s? = 49 N 

on the surface. 


In case (a) the area over which this force acts 
= 20cm x 10cm 
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= 200 cm? 
= 0.02 m? 
Hence, it exerts a pressure of 
AIN = 2450 N/m? 
0.02 m? 


In case (b) the same force of 49 N now acts 
over an area = 10 cm x 5cm 
50 cm? 
= 0.005 m? 
Hence, it exerts a pressure of 


49 N 


0.005 m? 


Thus, the same force acting on a smaller area 
exerts a larger pressure. 

The pressure exerted by a body can be 
reduced by increasing its surface area. 
Therefore, the base of walls of a building is 
made wider to reduce pressure exerted by the 
building (Fig. 3.3) Can you now tell why 


Il 


= 9800 N/m? 


heavy animals such as elephants and camels 
nave broad feet? 

Sometimes, in order to increase the effect 
of a force, it is necessary to decrease the area 
over which it acts. In order to obtain max- 
imum pressure with a minimum force, many 
appliances such as knives, nutcrackers, 
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scissors, nails, etc., are made with very sharp 
edges. Can you now tell why it is easier to 
cut with a sharp knife than with a blunt one? 


Pressure in Liquids 


Unlike a solid, a liquid does not have a definite 
shape. It takes the shape of the vessel in 
which it is contained. Hence, while dealing 
with liquids, it is more meaningful to use the 
concept of pressure rather than thrust or 
force. 

Like solids, liquids also exert pressure on 
the vessel in which they are contained. Let 
us calculate the pressure exerted by a liquid 
at the bottom of the container. Tak 
mass of water, say 5 kg, 
as shown in Fig. 3.4. The 
kg of water 

= 5kg x 9.8 m/s = 49 N 


In Fig. 3.4(a) the force of 49 N is exerted over 
an area. = 20 cm x 5 cm = 100 cm = 


0.01 m. Hence the Pressure exerted by 
water on the base of the container is 


49 N 
0.01 m? 


e equal 
in two containers 
force exerted by 5 


= 4900; N/m? 


in Fig. 3.4(b) the same force of 49 N now 
acts over an area = 10 cm x 5cm = 50 
cm? = 


0.005 m?. Hence the pressure ex- 


erted by water on the base of the container 
in this case is 


49 N 
0.005 m? 


Thus water, in these two Cases, exerts the 


same force but not the same pressure at the 
bottom of the container. 


= 9800 N/m? 


Factors on which Liquid Pressure Depends 


What are the factors on which the pressure 
at a depth in a liquid depends? Let us find out. 

Tie a thin rubber sheet at the lower end of 
a glass tube. Pour some water in the tube. 
The sheet bulges as shown in Fig. 3.5. Add 


Thin rubber 
sheet 


Fig. 3.6 


more water. The sheet bulges more. This 
shows that the force exerted by water at the 
bottom of its container depends on the height 
of the water column. The greater the height 
the greater the force. If the force exerted by 
the water is W {equal to the weight of the li- 
quid column) and the area of the rubber sheet 


is A, then the pressure P exerted by the li- 
quid is give by 


Pes ce 
A 


Since the force Wincreases with the height 
of the liquid column, it is’ clear that the 
pressure also increases with the height of the 
liquid column. 


Now take two identical glass tubes having _ 


their lower ends closed with identical thin rub- 
ber sheets. Pour water in tube A and mustard 
_oil in tube B so that the heights of the liquid 
columns are equal in the two tubes (see Fig. 
3.6). You will notice that the sheet bulges out 


more in the tube containing mustard oil than 
in the tube containing water. 

Since the heights of liquid columns in the 
two tubes are equal and the tubes are iden- 
tical, the volumes of the two liquids are also 
equal. But the density of mustard oil is more 
than that of water. Now mass = density x 
volume. Hence the mass (and therefore the 
weight) of mustard oil in tube B is more than 

- that of water in tube A. Therefore, mustard 
oil exerts greater pressure than water. 

Thus we conclude that the pressure at a 

- depth in a liquid depends upon two factors: 
1. the height of the liquid column. The 
greater the height, the greater the 
pressure, 
2. the density of the liquid. The greater the 
density the greater the pressure. 
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The Pressure-Depth Formula 


Consider a liquid column of height h contain- 
ed in a cylindrical tube of base area A as 
shown in Fig. 3.7. Let dbe the density of the 
liquid. The pressure at the bottom of the con- 


Fig. 3.7 


tainer is equal to the force per unit area of the 
liquid column above it. Now 


Volume of liquid column 
= base area x height = A x h 
.. Mass of liquid column 
= volume x density = a x h x d 
<. Weight (or thrust) of the liquid column 
= mass x acceleration due to gravity 
= A xh xud xg 


Hence Pressure = Thrust 
Area 
_Axhxdxg 
A 
= Axaxg 
or P =hxdxg 


This is the pressure-depth formula. If the 

height h is expressed in metres density din, 

kg/m? and acceleration due to gravity g in 
/s?, then pressure P is obtained in: N/m?. 

EXAMPLE 1 

Calculate the pressure at the bottom of a lake 
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10 m deep. The density of water is 1000 
kg/m? and acceleration due to gravity is 9.8 
m/s. 


Solution 

10 m 

1000 kg/m? 
9.8 m/s? 

? 


Il 


h 
d 
g 
p 
i 


J 


e pressure is given by 
hxdxg 

10 x 1000 x 9.8 
= 98000 N/m? 


P 


Il 


Lateral Pressure 


You have seen that, like solids, liquids also 
exert pressure. But, unlike solids, liquids ex- 
ert pressure not only at the bottom but also 
on the sides of the vessel in which they are 
contained. 

Take a tube having an opening in its side. 
Cover the opening with a thin rubber sheet. 
When the tube is filled with water, the sheet 
bulges as shown in Fig. 3.8. Add more water. 


E] 
RIN 


EEI 


Wih 


Rubber sheet 


qit 
Wia 


Ha E 


Fig. 3.8 


The sheet bulges more. The reason is that the 
depth of water column, and hence the 
pressure has increased. This experiment 
shows that a liquid exerts pressure on the wall 


of its container and the sideways pressure 
(called lateral pressure) increases with depth. 

It is for this reason that the walls of the 
water reservoir of a dam have to be made 
thicker at the bottom (Fig. 3.9). 


Activity 2 


Take an empty tin. With the help of hammer 
and nail make three holes on its sides at dif- 
ferent heights from the bottom of the can. 
Plug the holes with plasticine. Fill the can 
completely with water. Remove the plasticine 
from the bottom hole and collect the water 
coming out for 1 minute. Repeat the experi- 
ment and collect water coming out from the 
other holes for the same time. Is the amount 
of water collected from different holes the 
same? What conclusions will you draw from 
your observations? 


Pressure in a Liquid Acts Equally in all 
Directions 


This fact can be demonstrated by using a tall 
cylindrical jar having holes of the same size 
and at the same depth. Plug the holes with 
Stoppers and fill the jar with water. Remove 
the stoppers. Jets of water will emerge from 
the hole with the same force (Fig. 3.10). Since 
the size (or area) of the holes is the same, the 
equality of force implies equality of pressure- 


Fig. 3.10 


It is for this reason that /iquid seeks its own 
/evel. Pour some water in one of vessels 
shown in Fig. 3.11. Water will flow from this 


Fig. 3.11 


vessel into all other vessels until the pressure 
in each vessel is equalised and the liquid 
stands at the same height in each vessel. The 
water level in each vessel will be the same ir- 
respective of the size or shape of the vessels. 
That is why water tanks are built at heights 
greater than the height of the tallest building. 


Atmospheric Pressure 

Like liquids, gases also exert pressure. The 
atmosphere of the earth is a mixture of gases. 
Near the surface of the earth, air is made up 
of about 78% nitrogen, 21% oxygen and a 
very small amount of other gases. Due to the 
pull of the gravity, these gases tend to col- 
lect near the surface of the earth. The air 
becomes thinner and thinner as we go up. 
Near the surface of the earth the density of 
air is about 1.3 kg/m. 

A Like all gases, air also has weight and hence 
it exerts pressure. The air in an average liv- 
'Ng room weighs over a 100 kg. Just as water 
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pressure is caused by the weight of water, the 
weight of all the air above the earth exerts the 
atmospheric pressure. 


Measurement of Àtmospheric Pressure: The 
Simple Barometer 


Atmospheric pressure is measured with the 
help of a device called the barometer. It was 
invented by an Italian scientist E. Torricelli in 
1643. He took a glass tube about 1 m long 
and closed at one end. He filled it complete- 
ly with mercury. Placing his finger at the open 
end as shown in Fig. 3.12(a), he inverted the 


tube and dipped the open end (with the finger 
firmly placed over it) in a dish containing mer- 
cury, as shown in Fig. 3.12(b). The finger was 
then removed, 

The mercury level begins to drop gradual- 
ly, ultimately settling to a vertical height > as 
shown. This height is measured. 

The value of his about 76 cm (or 0.76 m) 
at sea-level. The atmospheric pressure is the 
pressure due to a column of 0.76 m of mer- 
cury. Thus, atmospheric pressure 
= pressure due to 0.76 m of mercury column 
=f @& Rog 
= 0.76 m x 13600 kg/m? x 9.8 m/s2 
= 100,000 N/m? 
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Instead of expressing the pressure in 
N/m, it is customary to give the height of 
mercury column. Thus, the atmospheric 
pressure is 76 cm (or 0.76 m) of mercury. 

Thus, all the air above the earth exerts a 
pressure of 100,000 N/m? on the earth’s sur- 
face and on the surface of all objects on the 
earth including living beings. The surface area 
of an average human being is about 2m2, 
Therefore, the total force exerted on his body 

by the atmosphere 

atmospheric pressure x area 
100,000 N/m? x 2 m2 
200,000 N 


Since, a mass of 1 kg exerts a force of about 
10 N; the force exerted by the atmosphere is 
equal to the weight of about 20,000 kg. This 
is an enormous force. But we do not feel this 
force. Why are we not crushed by this huge 
force? The answer lies in the fact that the 
blood in the veins of our bodies exerts an 
equal pressure. Thus the pressure inside the 
veins equals the atmospheric pressure out- 
side. When an organism is placed in a jar and 
the jar is evacuated, the pressure of air in the 
jar becomes zero (since there is no air left in 
the jar). The veins of the organism actually 
explode due to its internal pressure. 


The Crushing Can Experiment 


The enormous magnitude of atmospheric 
pressure can be demonstrated by the so- 
called crushing can experiment illustrated in 
Fig. 3.13. Pour some water in a metallic can 
and heat it (without the cap) until water 
begins to boil. When the steam starts com- 
ing out of the opening, put the cap back and 
remove the can from the burner. Steam has 
forced most of the air out of the can. Now 
pour cold water on the can. The steam con- 
denses into water, leaving a partial vacuum 
in the can. What happens to the can? It is 
crushed by the pressure of the air outside. 


Air pressure 


Steam 
pressure $ 


Air pressure 


(a) (b) 
Fig. 3.13 
Pascal's Law 


Blaise Pascal (1623-1662), a French scientist, 
discovered a 'aw which tells us how force can 
be transmitted in a liquid or gas. It is known 
as Pascal's law which states that when 
pressure is applied to an enclosed liquid or 
gas, it is transmitted equally in all directions. 

Figure 3.14 shows a glass flask having small 


=H 


Fig. 3.14 


tubes (7) jutting out from the side as well as 
the bottom of the flask. The flask is filled with 
water and is fitted with a piston which can 


be pushed down by applying a force at the 
handle ( H). When the piston is pushed down, 
jets of water are seen to rise to the same 
height. This experiment shows that the 
pressure applied to the liquid is transmitted 
equally in all directions. 

Applications of Pascal’s Law: Hydraulic 
Machines Hydraulic machines such as the 
hydraulic press, hydraulic brakes and 
hydraulic jack are devices that are based on 
Pascal's law of transmission of pressure in li- 
quids. The principle on which a hydraulic 
machine works is as follows: Consider two 
cylindrical tubes of cross-sectional areas A, 
and A, connected by a horizontal tube T as 
shown in Fig. 3.15. The apparatus is filled with 


rowm wanes seers 


Fig. 3.15 


a liquid. The cylinders have watertight pistons 
P, and A. Place a mass on piston A. Let us 
say that it exerts a force A on piston P,, 
Therefore, the pressure exerted on piston A, 
= A/A. ; 

According to Pascals law, this pressure is 
transmitted by the liquid to piston A. Thus, 
the upward pressure exerted on piston A, = 
F,/A,. Therefore, the upward force F, ex- 
erted on piston P, 


= pressure on P, x area A, 
F, 
1 x Az 


A, 


or B 
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F, Az 

F, A 
If A, >A, then A >. Thus a small force A 
can be used to exert a much larger force le 
For example, if A, = 5A, then & = 5F. 
Thus the force is multiplied five times. 
Hydraulic Press: \t is a hydraulic machine 


which is used for pressing bales of cotton, 
paper, metal sheets, etc. Figure 3.16 shows 


Root 


— p 


Fig. 3.16 


a simplified version of a hydraulic press. The 

smaller piston A, is called the pump plunger 
and the larger piston P, is called the press 
plunger. The area of cross-section of the press 
plunger is much larger than that of the pump 

plunger. The machine is filled with a liquid. 

The pump plunger is worked with the help of 

a lever having its fulcrum at Fand the effort, 
is applied at the handle H. The bales of cot- 

ton to be pressed on placed between the plat- 

form of the press plunger and the roof of the 

machine. 


Hydraulic Jack The hydraulic jack is used 
for lifting heavy loads such as cars or other 
heavy objects. The principle of its working is 
the same as that of a hydraulic press. Figure 
3.17 shows a simple hydraulic jack. The ef- 
fort is applied to the smaller piston A and 
the car is placed on the platform of the larger 
piston 7. The whole apparatus is filled with 
oil. When an effort is applied at the handle 
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Fig. 3.17 


(H), valve (V) opens and oil is forced into the 
larger cylinder. As a result, the pistonP, is 
raised, thus raising the car. When the car has 
reached the desired height, the handle is 
released. The valve is automatically closed, 


This prevents the machine from running 
backwards. 


Hydraulic Brake Hydraulic brakes are also 
based on the principle of transmission of 
pressure in a liquid. These brakes are used in 
automobiles. Figure 3.18 shows the essential 
parts of a braking device used in automobiles. 
It consists of a tube Tcontaining oil. One end 
of this tube is connected to a cylinder C, fit- 


nner rim of 
the wheel 


Brake shoe 


Fig. 3.18 


ted with a piston which is connected to the 
pedal as shown. The other end of the tube 
is connected to a cylinder C, having two 
pistons which are connected to the brake 
shoes. The cylinder C, has a larger diameter 
than that of cylinder C,. 


When the pedal is pressed, the pressure Is 
trasmitted through the oil to the pistons in 
cylinder C, which are pushed towards the 
tim of the wheel, When the shoe presses 
against the rim, the brake is applied, thus 
slowing down the automobile. In this way a 


small force applied to the pedal produces a 
much larger stopping force. 


POINTS TO REMEMBER 


I. The total force acting on a surface is called thrust. 


2. Pressure is defined as the force or thrust exerted 


is newton per square metre (N/m2). 


liquid. The pressure P at a depth A in a liqui 


per unit area. In the MKS system, the unit of pressure 


pon the height of the liquid column and the density of the 
d of density d is given by 


P=hxdxg 


where g is the acceleration due to gravity, 


are contained. 


5. Pressure in a liquid acts equally in all directions. 
6. The atmospheric pressure is due to the weight of the air abov 

$ pressure is 76 cm or 0.76 m ot mercury. In MKS units, its val 
7. The atmospheric pressure at a place is measured with a 


e the earth. At sea-level, the atmospheric 
ue is about 100,000 N/m2, 
device called the barometer, 


10. 


10, 
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Pascal's law states that when pressure is applied to an enclosed liquid or gas, it is transmitted equally in 
all directions. 

Hydraulic machines such as the hydraulic press,, hydraulic jack and hydraulic brake are devices based 
on Pascal's law of transmission of pressure in liquids. 

These machines are used to produce a large output force using a small input force. 


QUESTIONS 

Define the terms thrust and pressure. State their units in MKS system. 

(a) What are the factors on which the pressure exerted by a liquid depends? 

(b) Describe a simple experiment to show that the pressure in a liquid depends on (i) depth and (ii) density 
of the liquid. 

(c) Derive the pressure-depth formula for a liquid. 

(d) Calculate the pressure at the bottom of a cylindrical container of base area 5 cm? and height 20 cm 
when filled completely with water. Take g = 10 m/s?. 

(a) Describe an experiment which shows that a liquid exerts lateral pressure. 

(b) Describe’ an experiment to show that the pressure in a liquid acts equally in all directions. 

(a) What is atmospheric pressure due to? 

(b) Describe the simple barometer. How is it used to measure atmospheric pressure? 

(c) The atmospheric pressure at a place is 75 cm of mercury. Calculate the pressure in N/m?. Density of 
mercury = 13600 kg/m? and acceleration due to gravity = 10 m/s?. 

(d) Describe an experiment which shows that atmosphere exerts a very high pressure. 

(a) State Pascal's law. 

(b) What is a hydraulic machine? Describe the principle on which it works. 

(c) Draw a labelled diagram of a hydraulic press and explain how it works. 

Find the pressure at a depth of 20 m in a lake. Take g = 10 m/s?. 

A rectangular tank is 10 m long, 5m broad and 2 m deep. What will be the thrust and pressure at the bot- 

tom if it is half-full of water? Take g = 10 m/s?. 

A measuring cylinder of height 30 cm and internal diameter 10 cm is filled completely with water. Calculate 

the pressure at the bottom of the cylinder. 


Give reasons for the following 
(i) A dam has broader walls at the bottom than at the top. 


(ii) It is easier to cut with a sharp knife than with a blunt one. 

(iii) Deep-sea divers have to use a special outfit. 

(iv) We do not feel uneasy even under enormous atmospheric pressure. 
(v) A ballon collapses when air is removed from it. 


Fill in the blanks using the choices given in brackets : 
(i) The pressure at a point in a liquid is directly proportional to. and 


(mass, weight, depth, density). 


(i, The. MKS unit of thristiss == =" = avand of, pressure is. 


(N, N/m, N/m?). 


(i) The atmospheric pressure is approximately € 


qual to N/m2. 


(1, 108, 108, 107). 
(thrust, density, depth). 


(iv) Pre 
Ssure xarea = 
(pressure, force, work, energy). 


(v) A hydraulic machine multiplies 


CHAPTER 


Measurement of Heat 


It is a good idea to recall what you have 
already learnt about heat and its effects. One 
of the most obvious effects of heating a 
substances is a rise in its temperature. If a 
substance absorbs heat, its temperature rises; 
if it loses heat, its temperature falls. You 
already know how a substance absorbs (or 
gains) heat or gives out (or loses) heat. When 
a hot body is brought into contact with or ex- 
posed to a colder body; heat flows from the 
body at a higher temperature to a body at a 
lower temperature. You know that this 
transfer of heat can take place by three pro- 
cesses called condution, convection and 
radiation. You are also familiar with another 
important effect of heat called the thermal ex- 
pansion of substances. 

In this chapter you will study how heat is 
measured and will learn about another very 
important effect of heat— melting and boiling. 


Measurement of Heat 


If a pan ot water is placed on the fire, heat 
flows from the fire to the pan and then to the 
water, raising their temperatures. How much 
heat flows from fire to pan and water? To 
answer this question, it is necessary to ex- 
amine the factors on which the quantity of 
heat absorbed by a body depends. Let us per- 
form the following experiments and find out. 


EXPERIMENT 1 


Take two identical beakers A and B. Pour 1 
kg of tap water in beaker A and 2 kg ot tap 
water in beaker B. Record the temperature 
of water in each beaker; it is the same. Let 
it be 30°C. Now put the beakers on identical 
electric heaters and find the time taken for the 
temperature to increase to, say, 50°C. You 
will find that the time taken by water in beaker 
B to be heated from 30°C to 50°C is twice 
the time taken by water in beaker A to be 
heated through the same range of 
temperature. When the time is doubled, the 
heat supplied by the heater is also doubled. 
Thus we conclude that the quantity of heat 
absorbed by a body depends or its mass for 
given rise in temperature. 


EXPERIMENT 2 


Take a beaker and pour some water in it. 
Record the temperature of water. Let it be 
30°C. Place the beaker on a heater and find 
the time taken to raise the temperature of 
water to 50°C (a temperature rise of 20°C). 
Next find the time required to raise the 
temperature of the same quantity of water 
from 30°C to 70°C (a temperature rise of 
40°C). You will find that the time taken in the 
Second case is twice that in the first case. This 
experiment shows that the amount of heat ab- 


sorbed by a body depends upon the rise in 
temperature. 

From these experiments we conclude that 
the amount of heat required to raise the 
temperature of a given substance depends 
upon its mass and the raise in temperature. 


Unit of Heat 


We need a unit of heat to find out how much 
heat is required to heat a certain mass of 
substance to a certain temperature. A unit of 
heat commonly used is called the ca/orie 
(symbol cal). 

One calorie is the amount of heat required 
to raise the temperature of one gram of water 
through one degree celsius. This means that 
10 calories of heat will be required to heat 10 
grams of water through 1°C or 1 gram of 
water through 10°C. Similarly 100 calories of 
heat are required to raise the temperature of 
10 grams of water through 10°C. 

A bigger unit of heat is called the kilocalorie 
(symbol kcal). One kilocalorie is equal to 1000 
calories. In other words, one kilocalorie is the 
amount of heat required to raise the 
temperature of 1 kg (or 1000 g) of water 
through 1°C. 


EXAMPLE 1 


How many kilocalories of heat are needed to 
heat 400 g of water from 35°C to 50°C? 


Solution 


Mass of water = 400 g 


Rise in temperature = 50 — 35 = 15°C 
Amount of heat needed to raise the 
temperature of 1 g of water through 1°C = 1 
calorie. Therefore, the amount of heat re- 
quired to raise the temperature of 400 g of 
water through 15°C. 

400 x 15 

6000 calories 

6 kilocalories 
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Specific Heat 

Will equal masses of different substances re- 
quire the same amount of heat when they are 
heated through the same range of temper- 
ature? Let us find out. 

Take two identical beakers, one containing 
water and the other an equal mass of 
kerosene. Before heating, the temperature of 
water is equal to that of kerosene. Let it be 
30°C. Put the beakers on identical electric 
heaters. Record the time taken for the 
temperature of each liquid to rise to 50°C. 
You will find that kerosene heats up much 
more quickly than water. It takes about half 
the time for kerosene to heat from 30°C to 
50°C than for the same mass of water to heat 
from 30°C to 50°C. If you perform similar ex- 
periments with different substances you will 
find that equal masses of different substances 
require different amounts of heat to be heated 
through the same range of temperature. 

In the language of physics, we say that dif- 
ferent substances have different specific 
heats. The specific heat of a substance is the 
amount of heat required to raise the 
temperature of one gram of the substance 
through 1°C. 


The unit of specific heat is ca/orie per gram 
per degree celsius \cal/g/°C) or kilocalorie per 
kilogram per degree celsius (kcal/kg/°C). 


To heat 1 g of water through 1°C the 
amount of heat required is 1 cal. Thus the 
specific heat of water is 1 cal/g/°C. You may 
also say that specific heat of water is 1 
kcal/kg/°C which means that 1 kcal of heat 
is required to heat 1 kg of water through 1°C. 
Thus. 


1 cal/g/°C = 1 kcal/kg/°C 
Scientists have measured specific heats of 


various substances. The value of specific heat 
of some common substances is given below: 
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Name of the Specific heat 
substance in cal/g/°C 
Water 1.00 
Aluminium 0.21 
Copper 0.09 
Iron 0.11 
Lead 0.03 
tce 0.05 
Kerosene 0.51 


to 35°C? The specific heat of kerosene = 0.51 
kcal/kg/°C. 


Solution 


Mass of kerosene = 400 g = 0.4 kg 

Rise in temperature = 35 ~ 10 = 25°C 
In order to raise the temperature of 1 kg of 
kerosene through 1°C, the amount of heat 
required is 0.51 kcal. Therefore, in order to 
raise the temperature of 0.4 kg kerosene 
through 25°C, the amount of heat required 
= 0.51 x 0.4 x 25 


The specific heat of copper is 0.09 
cal/g/°C. This means that in order to heat 1 
g of copper through 1°C, only 0.09 calorie 
of heat is required. Similarly 1 g of kerosene 
requires 0.51 cal (about half a calorie) of heat 
to be heated through 1°C. It is for this reason 
that a given mass of kerosene heats up about 
twice as fast as the same mass of water. 


EXAMPLE 2 
How much heat is needed to raise the 
temperature of 50 g of iron from 25°C to 
45°C? The specific heat of iron = 0.11 
cal/g/°C. 


Solution 


Mass of iron = 50 g 

Rise in temperature = 45-25 = 20°C 

The specific heat of iron is 0.11 cal/g/°C. 
This means that in order to raise the 
temperature of 1 g of iron through 1°C, the 
amount of heat needed = 0.11 cal. Therefore, 
in order to raise the temperature of 50 g of 
iron through 20°C, the amount of heat needed 


0.11 x 50 x 20 
11 cal 


EXAMPLE 3 


How much heat is required to raise the 
temperature of 400 g of kerosene from 10°C 


= 5.1 kcal 

From these examples it is clear that the total 
amount of heat required is obtained by 
multiplying together the mass of the 
substance, its specific heat and the raise in 
temperature. 

Amount of heat = mass x specific heat 


x rise in temperature 
If a substance absorbs (or gains) heat, its 
temperature rises. What happen if a 
substance is cooled? It gives out, (or loses) 
heat when it cools. The amount of heat given 
out or lost by a substance on cooling is ob- 
tained by multiplying together its mass, its 

specific heat and the fall in temperature. 


EXAMPLE 4 


If the specific heat of vegetable oil is 0.47 
cal/g/°C, how much heat is given out when 
400 g of the oil cools from 100°C to 40°C? 


Solution 


Amount of heat given out = mass x specific 
__ heat x fall in temperature 
= 400 x 0.47 x 60 
= 11280 cal 


Heat Lost = Heat Gained 


What happens when you mix hot water with 
‘cold water.in a plastic bucket? The final 
temperature of water in the bucket is lower 


than the temperature of the hot water but 
higher than the temperature of the cold water. 
The hot water gives out heat which is taken 
up by the cold water. The flow of heat stops 
when all the water in the bucket is at the same 
temperature which we call the final or 
equilibrium temperature. The following actual 
experiment reveals a very important principle 
concerning the flow of heat. 100 g of water at 
80°C is mixed with 50 g of water at 20°C 
in a well-insulated non-conducting plastic 
tumbler. The final temperature of the mixture 
is found to be 60°C. Let us find out how much 
heat is exchanged between hot and cold 
water. 


Mass of hot water = 100 g 

Initial temperature of hot water = 80°C 

Final temperature of the mixture = 60°C 

Fall in temperature of hot water = 80 — 60 
= 20°C 

Heat given out (or lost) by hot water 

= mass x specific heat x fall in temperature 

= 100 x 1 x 20 = 2000 cal 

Mass of cold water = 50 g 

Initial temperature of cold water = 20°C 

Rise in temperature of cold water = 60 — 20 
= 40°C 

Heat taken up (or gained) by cold water = 

mass x specific heat x rise in temperature 

= 50 x 1 x 40 = 2000 cal 

What do you find? Heat lost = heat gained. 

When a hot body is brought into contact with 

a cold body, the heat lost by the hot body is 

equal to the heat gained by the cold body. 

The following example shows how the 

specific heat of a substance can be measured. 


EXAMPLE 5 


A piece of copper of mass 500 g is heated to 
100°C and then placed in 210 g of water at 
15°C in a non-conducting vessel. The final 
temperature is found to be 30°C. Calculate 
the specific heat of copper. 
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Solution 


Mass of copper = 500 g 
Fall in temperature of copper = 100 — 30 
= 70°C 
If the specific heat of copper is s cal/g/°C, 
the heat lost by copper = mass x specific 
heat x fall in temperature 
= 500 x s x 70 = 35000 scal 
Mass of water = 210g 
Rise in temperature of water = 30 — 15 
= 15°C 
Specific heat of water = 1 cal/g/°C 
Heat gained by water = mass x specific heat 
x rise in temperature 
PA KO Pa be ari) 
= 3150 cal 
But Heat lost = heat gained 
or 35000 s = 3150 


3150 
s= = 0.09 cal/g/°C 
35000 
EXAMPLE 6 


What is the final temperature of the mixture 
if 100 g of hot water at 70°C is mixed with 
200 g of cold water at 10°C? 


Solution 


Let the final temperature of the mixture be ¢°C. 

Heat lost by hot water = 100 x 1 x (70 — t) 

Heat gained by cold water = 200 x 1 x 
(t — 10) 

But Heat lost = heat gained 

or 100 x (70 — t) = 200 x (t — 10) 

or 70.= t= 2% (t =) 

or 70 — t= 2t— 20 

or 3t = 90 

or t =. 30°C 


Change of State 


When substances are heated, there are three 
effects: 
(i) rise in temperature 
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(ii) expansion or an increase in size 
(iii) change in the state of the substances. 
You have already learnt about the first two 
of these effects and know something about 
the third effect. You know that when a solid 
is heated, it changes into a liquid and on fur- 
ther heating, the liquid changes into a gas. 
When ice is heated, it changes into water. On 
further heating, water changes into steam. 
You will now learn more about these changes. 


Melting and Solidification 


The change from the solid state to the liquid 
state on heating is called melting. Let us find 
out what happens when a solid is melting. 
Take some wax in a boiling tube and heat it 
over a flame as shown in Fig. 4.1. The temper- 
ature of the wax is recorded every minute. 


Thermometer 


Boiling tube 


Fig. 4.1 


Here are the readings obtained in one such 
experiment. 


is heated. Do you notice anything peculiar in 
these reading? Up to 4 min the temperature 
of wax increases. Between 5 min and 8 min 
the temperature does not rise, it remains con- 
stant at 55°C, although the wax is being 


Temperature (in C)—> 


' 
i 
i 
1 
1 
i 
1 
i 
i 
i 
3 


== 
45 6 7-8 9 0 Nn 12 


Time (in minutes) —» 


Fig. 4.2 


heated all the time. After 8 min, the 
temperature rises again. 

What happens to the heat which is not 
recorded by the thermometer between 5 min 
and 8 min? During this time the Solid wax was 
melting and changing into liquid wax. While 
the wax was melting, it was still being heated, 
but Its temperature did not rise. The heat sup- 
plied by the flame was being used to change 
solid wax into liquid wax. This heat which is 
not recorded by the thermometer is called hid- 
den or /atentheat. The word /atent means hid- 
a The constant temperature at which solid 

changes into liquid wax is called its 


Time (in minutes) 1 


2 23 


+667 8 9 oH 2 


Temperature of wax (in °C) 35 40 45 


50 55 55 55 55 60 65 70 75 


These readings are plotted ona graph paper 
as shown in Fig. 4.2 which tells you how the 
temperature of wax changes with time as it 


pit point. The readings and the graph 
— in Fig. 4.2 show that the melting point 
oF wax Is 55°C. When all the wax is melted, 


the temperature of liquid wax starts rising as 
is indicated by the last four readings. 

_ Every substance has a definite melting 
point. For example, ice melts at 0°C, naph- 
thalene melts at 80°C, lead melts at 327°C and 
iron melts at 1535°C. 

When a substance changes from a solid in- 
to a liquid, it does so at a constant and definite 
temperature called its melting point, and takes 
up latent heat as long as the change is tak- 
ing place. 

The reverse happens when a liquid is cool- 
ed. The liquid freezes (or solidifies) at its 
melting point. The temperature during 
solidification does not change. The liquid 
gives out its latent heat in order to freeze to 
its solid state. 


Activity 1 


Take about 250 g solid ghee in a vessel and 
insert a thermometer in the ghee. Record the 
temperature. Now heat the vessel over a 
flame and the record the temperature of ghee 
every minute for 10 minutes. Plot a graph of 
temperature against time. From the graph, 
determine the melting point of ghee. Do you 
observe that the temperature remains cons- 
tant until all the ghee has melted? Can you 
give the reason for this? 

Remove the vessel from the flame and 
allow the molten ghee to cool down. Deter- 
mine the temperature at which the ghee 
solidifies. Is this temperature the same as the 
melting point of ghee? 


Latent Heat of Fusion (or Melting) Equal 
masses of different substances require dif- 
ferent latent heats in order to melt. In order 
to measure the latent heats of different 
substances, scientists use a new term called 
latent heat of fusion or melting. 

The latent heat of fusion or melting of a 
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substance is the amount of heat in calories 

required to convert 1 gram of the substance ` 
from solid to liquid state without change of 

temperature. \t is expressed calories per gram 

(cal/g). 

The latent heat of fusion of ice is 80 cal/g. 
This means that 80 cal of heat are needed to 
convert 1 gram of ice into water without 
change in temperature. This may also be writ- 
ten as 80 kcal/kg which means that 80 kcal 
of heat are needed to convert 1 kg of ice into 
water without change in temperature. It is ob- 
vious that 

1 cal/g = 1 kcal/kg 

The following table shows measured values 
of latent heat of fusion of some common 
substances. 


Substance Latent heat of fusion 

cal/g or kcal/kg 
Mercury 2.8 
Lead 5,9 
Iron 6.6 
Paraffix wax 35 
Copper 43 
Ice 80 
EXAMPLE 7 


How much heat is needed to convert 20 g of 
ice into water at 0°C? Latent heat of fusion 
of ice is 80 cal/g. 


Solution The latent heat of fusion or melting 
of ice is 80 cal/g. This means that in order to 
convert 1 g of ice into water at 0°C, the 
amount of heat needed is 80 cal. Therefore, 
to convert 20 g of ice into water at 0°C, the 


amount of heat needed = 80 x 20 
= 1600 cal. 


EXAMPLE 8 
215 kcal of heat are required to melt 5 kg of 
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copper. What is the latent heat of melting of 
copper? 


Solution In order to melt 5 kg of copper the 
amount of heat required is 215 kcal. 
Therefore, to melt 1 kg of copper the amount 
of heat required = 215/5= 43 kcal. This, 
by definition, is the latent heat of melting of 
copper. Hence latent heat of melting of cop- 
per is 43 kcal per kg. 


Vaporisation and Condensation 


The change from liquid state into gaseous or 
vapour state is called vaporisation, Vaporisa- 
tion can take place in two different ways: (i) 
boiling and (ii) evaporation. We shall deal with 
evaporation a little later. 

Repeat the experiment shown in Fig. 4.1 
by taking some tap water in the boiling tube 
instead of wax. Record the temperature of 
water every minute. You will find that the 


point. During 


vaporisation the liquid takes up the latent heat 


of vaporisaticn. 
The latent heat of vaporisation of a 
substance is the amount of heat in calories 
: required to convert 1 gram of the substance 
from liquid to vapour State 
change in temperature. 
“The latent heat of Vaporisation of water is 
540 cal/g. This means that 540 cal of heat are 
needed to convert 1 g of water into steam 
without change in temperature. You may also 
say that the latent heat of vaporisation of 
water is 540 kcal/kg. The latent heat of 
vaporisation of alcohol is 240 cal/g or 240 
kcal/kg and for ether it is 84 cal/g. 


On cooling, steam changes (or condenses) 
into water. During condensation, the 


without any 


temperature remains constant and vapours 
give out latent heat in-order to condense in- 
to the liquid. You know that steam at 100°C 
Causes more severe burns than water at 
100°C. The reason is that when steams falls 
on our body, it condenses into water and to 
do so it gives out its latent heat to our body. 
Each gram of steam will give out 540 cal of 
heat to condense into water at 100°C. That 
is why burns caused by steam are more severe 
than those caused by an equal amount of boil- 
ing water. p 

Evaporation and Latent Heat There : is 
another process by which a liquid changes in- 
to a vapour. This process is called evapora- 
tion. If a wet cloth is hung on a rope, it dries 
up after some time. It dries up because water 
in the cloth evaporates or changes into 
vapour. On a hot day, the wet cloth dries "E 
much faster than on a cold day. Further, | 

the cloth is spread out, it dries up faster than 
if it is folded up. 

These a show that the rate of 
evaporation depends upon the temperature 
of the liquid and on the exposed area of the 
liquid. The rate of evaporation also depends 
upon the nature of the liquid. Volatile liquids 
like spirit, ether and perfumes evaporate much 
faster than water, 

It must be clearly understood that evapora- 
tion and boiling are different processes. Boil- 
ing takes place at a definite temperature call- 
ed the boiling point of the liquid but evapora- 
tion takes place at all temperatures. 

The change trom liquid state to vapour 
State that takes place at all temperatures of 
a liquid is called evaporation. 

Evaporation produces cooling. Put a drop of 
alcohol or spirit on your palm, if feels cold. 


Pour some spirit on cotton wool and wrap it 
round the bi 


of the ther, 
ple experi 
ed as a li 


Mometer quickly falls. These sim- 
ments show that Cooling is produc- 
quid evaporates. 


ulb of a thermometer. The reading‘ 


The cooling produced in evaporation is due 
to the fact that a liquid has latent heat. 
Whenever a liquid changes into vapour, heat 
is required in the process. If the heat is not 
supplied from outside (by a burner), the liquid 
will take in heat from the surrounding bodies 
and from the liquid itself in order to evaporate. 
In the first example mentioned above, the 
heat is taken from our palm and in the second 
example heat is taken from the surrounding 
thermometer, resulting in a fall in 
temperature. 
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Water in an earthen pot (surah/) cools in 
summer. The water seeps through the pores 
in the pot and evaporates. The latent heat re- 
quired for evaporation is taken from water 
itself which, therefore, cools. 


A strip of wet cloth placed on the forehead 
of a person having high fever reduces the 
temperature of his body. The reason is that 
water, while evaporating, takes in the 
necessary latent heat from the body, thus 
lowering the temperature of the body. 


POINTS TO REMEMBER 


1. The amount of heat taken in (or given out) by a body depends upon (i) the mass of the body; (ii) the rise 
(or fall) in its temperature; and (iii) the material of which the body is made. 

2. Acommonly used unit of heat is the calorie (cal). A bigger unit is the kilocalorie (kcal). One calorie is the 
amount of heat required to raise the temperature of 1 g of water through 1°C. One kilocalorie is the amount 
of heat required to raise the temperature of 1 kg (or 1000 grams) of water through 1°C. 


1 kcal = 


1000 cal 


3. The specific heat of a substance is the amount of heat in calories required to raise the temperature of 1 
g of the substance through 1°C. It may also be defined as the amount of heat in kilocalories required to raise 
of temperature of 1 kg of the substance through 1°C. 


1 cal/g/°C = 


1 kcal/kg/°C 


4. The amount of heat gained (or lost) by a substance is given by the product of its mass, specific heat and 


the rise (or fall) in its temperature. 


5. When a hot body is brought into contact with a cold body, the heat flows from the hot body to the cold 
body until their temperatures are equalised. During this process, the heat lost by the hot body = heat gain- 


ed by the cold body. 


6. When a substance is heated, there may be three different effects: (i) a rise in temperature; (ii) an expansion 
or increase in size; and (iii) a change in the state of the substance. 
7. The constant temperature at which a substance changes from the solid state to the liquid state is called its 


melting point. During melting the substance takes in latent heat in order to mel 


substance gives out latent heat. 


8. The latent heat of fusion or melting of a substanc 
1g ot the substance from solid to liquid state without change in tempe! 
gram (cal/g). It may also be defined as the amount of heat in kiloca 
substance from solid to liquid state without change in temperature. It may als 


per kilogram (kcal/kg). 


1 cal/g = 
9. The constant temperature at which a substance changes from | 
point. During vaporisation, the substance takes in| 


The latent heat of vaporisation of a substance is t 


1 g (or 1 kilogram) of the substance from liquid to vapour stat 


It. During solidification the 


e is the amount of heat in calories required to convert 


rature. It is expressed in calories per 
lories required to convert 1kg ofa 
o be expressed as kilocalories 


1 k cal/kg Lr 
iquid to vapour state is called its boiling 


atent heat. During condensation, it gives out latent heat. 
he amount of heat in calories (or kilocalories) to convert 


e without change in temperature. 
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10. The other process by which a liquid changes into a vapour is called evaporation. Evaporation takes place 
at all temperatures. Evaporation is accompanied by cooling. 


QUESTIONS 


= 


State the factors on which the amount of h 
Define a calorie and kilocalorie of heat. 
3. (a) What is the specific heat of a substance? State its unit. 
(b) What is the meaning of the following statements? 
(i) The specific heat of water is 1 cal/g/°C. 
(ii) The specific heat of aluminium is 0.21 kcal/kg/°C. 
(c) How many calories of heat are needed to heat 500 g of water from 30°C to 50°C? 


(d) How much heat is required to raise the temperature of 50 g of aluminium from 50°C to 90°C? The 
specific heat of aluminium is 0.21 cal/g/°C, 


(e) How much heat is given out whe 

of kerosene is 0.51 kcal/kg/°C, 
4. 80g of water at 80°C is mixed with 40 g of wat 
The nt of heat required to raise the temper: 
to raise the temperature of a 500 g block of alu 
6. Rahul took half-a-litre of water in 
of water after every minute. His rı 


eat given out by a body depends. 


N 


n 500 g of kerosene is cooled from 50°C to 25°C? The specific heat 


er at 50°C. Calculate the final temperature of the mixture. 
ature of 50 g of water by 10°C is the same as that required 
minium by 5°C. Calculate the specific heat of aluminium. 
a beaker and heated it on an electric heater. He recorded the temperature 
eadings are given below. Study them and answer the following questions. 


Time at start 

= 0 minute Imin 2min 3min 4min Smin 6min 7min 8min 9min 10 min 
Temperature 

at start 31°C 37°C 43°C 49°C 55°C 61°C 67°C 73°C 79°C 85°C 

= 25°C 


(i) What mass of water did he take? 
(ii) How much heat did the water ab: 


sorb in the first minute? 
(iii) How much heat did the water a 


ces. 


8. (a) What do you understand by the term /atent heat? Why is it so called? 


(b) Define the latent heat of fusion and state its units. 
(c) Define the latent heat of vaporisation. 
(d) What is the meaning of the following Statements: 
(i) The latent heat of fusion of ice is 80 kcal/kg. 
(ii) The latent heat of vaporisation of water is 540 cal/g. 
le) How much heat is needed to melt 5 kg o 
9. (a) What is the difference between 
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10. Give reasons for the following 


11. 


12. 


(i) Water in a flat dish evaporates faster than in narrowmouthed bottle. 

tii) Volatile liquids such as spirit and perfumes are stored in tightly closed containers. 
(iii) Ice at 0°C rather than water at 0°C is mixed with tap water to get a cold drink. 
(iv) Burns caused by steam are more severe than those caused by boiling water. 

(v)  Khas-Khas screens are used in desert coolers. 
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A certain quantity of butter is allowed to cool and its temperature is recorded at regular interva!s of time. 
Figure 4.3 shows the temperature time graph of cooling. Study the graph and answer the following questions. 


Temperature (°C)—> 


Time —> 


Fig. 4.3 


(i) In what state is the butter between A and B between B and C and between C and D? 
(ii) | What happens between B and C? 

(iii) | What is the melting point of butter? 

Fill m the blanks using the choices given in brackets. 


(i) 1 calorie = _ kilocalorie (1, 1000, 1/1000). 
üi) =Sealig/°C = _ = = - k cal/kg/°C (5, 5000, 1/5000). 


(ili) 3 = is a unit of specific heat. (cal, kcal, cal/g, cal/g/°C). 


(fv) ois a unit of latent heat. (cal, kcal, kcal/kg, cal/g/°C). 


(v) Equal masses of kerosene and water at the same initial temperature are heated at the same rates for 


5 minutes. The final temperature of kerosene wili be that of 


water. (equal to, more than, less than). 


(vi) Amount of heat absorbed = mass x x rise in temperature 


(latent heat, specific heat). 


(vii) Amount of heat absorbed during a change of state = x latent 


heat (volume, mass, rise in temperature, specific heat). 


(vit) takes place at all temperatures but 


Place at a definite temperature. (boiling, evaporation). 


takes 


CHAPTER 


More about Reflection 


of Light 


Last year you learnt about reflection of light 
at plane surfaces. You also know the 
characteristics of images formed by reflection 
at a plane mirror. When a ray of light is 
reflected from a mirror, it obeys the follow- 
ing laws of reflection: (Fig. 5.1). 


Plane mirror 


Normal 
Fig. 5.1 


(i) The angle of incidence is equal to the 
angle of reflection. 

(ii) The incident ray, the normal at the point 
of incidence and the reflected ray all lie in 
the same plane. (Fig. 5.1). The common 
plane is the plane of the paper. 

In this chapter you will learn how images are 

formed by spherical mirrors. You will later 


learn about the uses of such mirrors. 


Spherical Mirrors 


Mirrors need not be plane or flat; they can also 
be curved. There are various kinds of curved 
mirrors. The most commonly used curved 
mirrors are the spherical mirrors, A spherical 
mirror is a part of a hollow sphere or spherical 
surface. There are two types of spherical 


mirrors—the concave mirror and the convex 
mirror. 


A shiny, stainless steel tablespoon is a good 
example. The inner hollow side of the spoon 
iS a concave Mirror; it caves in at the centre. 
The back surface of the spoon is a convex mir- 
ror; it bulges out at the centre. 


A concave mirror is made by silvering the 
back of a concave glass surface as shown in 
Fig. 5.2(a). A convex mirror is made by silver- 
ing the back of a convex glass surface aS 
shown in Fig. 5.2(b). 


Definition of Terms Used in Spherical Mirrors 


In order to discuss the formation of images 


Silvered 
side : 
Silvered 
side 
Convex 
Concave surface 
surface 


(b) Convex mirror 
(a) Concave mirror 


Fig. 5.2 


in a spherical mirror, it is necessary to define 
the terms related to spherical mirrors (see Fig. 
5.3). 


Principal axis 


(a) Concave mirror 


Principal axis 


(b) Convex mirror 
Fig. 5.3 


1. Pole: The geometric centre of the spherical 
surface of the mirror is called the po/e of the 
mirror, The point marked 0 is the pole of the 
mirror. 

2. Centre of Curvature: The centre of cur- 
vature C is the centre of the sphere of which 
the spherical mirror is a part. 
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3. Radius of Curvature: The radius of cur- 
vature R is the radius of the sphere of which 
the mirror is a part. In Fig. 5.3 one such radius 
is shown. The distance of any point on the 
surface of the mirror from the centre of cur- 
vature is equal to the radius of curvature. The 
radius at any point is normal to the mirror at 
that point. 

4. Principal Axis: The line OC (produced on 

both sides) joining the pole and the centre of 
curvature is called the principal axis of the 

mirror. 


Focussing Effect of a Spherical Mirror: Focus 
and Focal Length 


What happens when parallel rays fall on a 
spherical mirror? Figure 5.4 shows parallel rays 


(a) Concave mirror 


(b) Convex mirror 


Fig. 5.4 


of light falling on a spherical mirror. All the 
rays are parallel to the principal axis of the mir- 
ror. The following argument explains how 
these rays are reflected by the mirror. 

The laws of reflection which hold good for 
a plane mirror are also obeyed in the case of 
a spherical mirror. The reason is that a 
spherical mirror can be regarded, as an ar- 
rangement of a large number of extremely tiny 
plane mirrors as shown in Fig. 5.4. Thus, 
when a ray of light falls on any point, it is 
reflected from a small plane mirror at that 
point in such a way that the angle of incidence: 
at that point is equal to the angle of reflec- 
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tion. The broken lines in front of the mirrors 
in Fig. 5.4 represent the normals at various 
points of the mirror. Notice what happens to: 
the reflected rays. They are not parallel. In 
fact, in the case of a concave mirror shown 
in Fig. 5.4(a), they meet at a point Fon the 
principal axis. This point is called the focus 
of the concave mirror. The distance between 
the pole Oand the focus Fis called the foca/ 
length (f) of the concave mirror. 

Now look at the rays reflected from a con- 
vex mirror as shown in Fig. 5.4 (b). They are 
also not parallel. They do not meet at any 
point. They appear to come from a point F 
behind the mirror. This point is called the 
focus of the convex mirror. The distance OF 
is called the focal length (f) of the convex 
mirror. 

Thus the focus of a spherical mirror may 

be defined as follows: 
The focus of a concave mirror is a point on 
its principal axis at which rays parallel to the 
principal axis meet after reflection from the 
mirror. 

The focus of a convex mirror is a point on 
its principal axis from which rays parallel to 
the principal axis appear to come after reflec- 
tion from the mirror. 

It may be mentioned that the radius of cur- 
vature of a mirror is twice its focal length. 

R= 2f 


Activity 1 

You can easily see the focussing effect of a 
concave mirror. Borrow a concave mirror 
from your school physics laboratory and hold 
it So that it faces the sun as shown in Fig. 5.5 
Place a piece of paper in front of it and ad- 
just its distance from the mirror. At one posi- 
tion you will see a very small image of the sun. 
The rays of the sun (which are parallel) get 
focussed at this point. Due to focussing of 
rays, the paper starts burning near this point. 


Sun 
rays 


Concave 
mirror 


This point is the focus of the mirror. Find the 
focal length of the mirror. 


Drawing of Ray Diagrams for Spherical 
Mirrors 

Concave and convex mirrors form images of 
luminous or illuminated objects placed in front 
of them. As in the case of plane mirrors, we 
can find the position, size and nature (real or 
virtual) of the image by drawing the ray 
diagrams. You have already learnt how to 
draw a ray diagram in the case of a plane mir- 
ror. You consider at least two rays coming 
from any given point on the object. Wherever 
they meet (or appear to meet) atter reflection 
from the mirror, is the real (or virtual) image 
of that point. In this manner, taking one point 
on the object after another, the entire image 
can be constructed. 

Which two rays are the most convenient 
to use? You may take any two of the follow- 
ing rays. 
1. Ray Passing through the Centre of Cur- 

vature The normal to a spherical surface 

at any point is the radius of curvature. 

Hence the ray Passing through the centre 

of curvature falls normally on the surface: 

its angle of incidence is zero. Therefore, 
the angle of reflection is also zero, that is, 


the ray is reflected back along the same 
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Case I: Object between O and F Figure 5.7 


path. Ray 1 in Figs. 5.6(a) and (b) is one shows an object AB placed between vole O 
such ray. 


Principal 


axis 1 


(a)Concave mirror 


Principal 
>~_ axis 


(b) Convex mirror 


Fig. 5.6 

2. Ray Parallel to the Principal Axis The ray 
parallel to the principal axis will, after 
reflection, pass through the focus (in the 
case of a concave mirror) or appear to 
come from the focus (in the case of a con- 
vex mirror). Ray 2 in Figs. 5.6(a) and (b) 
is one such ray. , 

3. Ray Passing through the Focus The ray 
passing through the focus (in the casé of 
a concave mirror) or appearing to pass 
through the focus (in the case of a con- 
vex mirror) is reflected parallel to the prin- 
cipal axis. Ray 3 in Figs. 5.6(a) and (b) is 
one such ray 

Images Formed by a Concave Mirror 

You can now draw the ray diagrams to find 

the Position, size and nature of the image 

formed by a concave mirror for different posi- 

tions of the object placed on the principal axis. 


Fig. 5.7 


and focus F of a concave mirror. Two rays 
marked 1 and 2 from point A of the object, 
one parallel to the principal axis and the other 
passing through the centre of curvature Care 
used. After reflection from the mirror, they 
appear to come from a point A’ behind the 
mirror. Therefore, A’ is the virtual image of 
A. By convention, virtual rays are drawn as 
broken lines and real rays as continuous lines. 
If the same method is used for all other points 
of the object between A and B, the cor- 
responding virtual image points still lie on. 
A’B’. Thus A’B’ is the image of AB. The: 
diagram shows that the image is virtual, erect, 
behind the mirror and larger than the object. 


Case Il: Object between Fand C Figure 5.8 
shows how the image is formed in this case. 


A 
Fig. 5.8 


Two rays marked 1 and 2 from point A of the 
object are chosen. Ray 1 parallel to the prin- 
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cipal axis, after reflection, passes through the 
focus F. Ray 2, passing through the focus 
after reflection, becomes parallel to the prin- 
cipal axis. The two reflected rays actually 
meet at point A’. Therefore, A’ is the real 
image of Aand A’ B’ is the real image of AB. 
From the diagram, it is clear that, in this case, 
the image is rea/, inverted, situated beyond 
the centre of curvature and is larger than the 
object. 


Case Ill: Object at C Figure 5.9 shows the 


Fig. 5.9 


image formation in this case. The image is 
real, inverted, situated at the centre of cur- 
vature and is of the same size as the object. 


Case IV: Object beyond C In this case (see 
Fig. 5.10) the image is real, inverted, situated 


Fig. 5.10 


between F and C and is smalle. 


3 t 
Bison r than the 


Images Formed by a Convex Mirror 


The image formed by a concave mirror can 
be either virtual (when the object is between 
its pole and focus) or real (when the object 
is beyond its focus). But a convex mirror 
forms only a virtual image for any position of 
the object. Figure 5.11 shows the formation 


Fig. 5.11 


of image for one position of the object. The 
image is always virtual, erect, situated behind 
the mirror between its pole and focus and is 
always smaller than the object. 

You are advised to draw the ray diagrams 
for other positions of the object. You will find 
that the image becomes smaller and moves 


closer to the focus as the object is moved 
away from the mirror. 


Uses of Spherical Mirrors 


The concave mirror is put to the following 
uses. 


(i) Asa Shaving Mirror The fact that a con- 
Cave mirror forms an erect and magnified 
image of an object placed close to it (see 


Fig. 5.7) enables us to use it as a shaving 
mirror (Fig. 5.12), 


(ii) As a Doctor's Head Mirror The fact that 
a Concave mirror focusses a parallel beam 
of light to a point, enables a doctor to con- 
centrate light on a small area to be examin- 
ed like teeth, ears, throat, nose, etc. 


(iii) 
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Concave mirror 
Reflector 


Torch 


Fig. 5.13 


rore is, therefore, used as a drivers’s mirror 
which enables the driver of a car or any other 
vehicle to have a clear view of the vehicles 
Fig. 5.12 behind him (Fig. 5.14) 

Convex mirror in 
car (not shown) 


As - 
mer When a source of light is 
a parallel b e focus ofa concave mirror, 
ed. Conc eam of reflected light is obtain- 
iñ ces mirrors are therefore, used 
lights oF = search lights and in the head > 

: ars and other vehicles (Fig. 5.13). OES 


A con aoe a 
vex mirror forms only virtual images 
Fig. 5.14 


for 


A ce sper 
Ne centre of curvature of a spherical mirror ! 
hich the mirror is 


ih, 


all Ositi 
Positions of the object. A convex mir- 


POINTS TO REMEMBER 


The | 
aws of reflection of light hold for plane as well as curved mirrors. 


A spherj 
Pherical mirror is a part of a hollow sphere or a spherical surface. 
is the centre of the spher 


a part. 
hich rays parallel to the p 


e of which it is a part. The radius 


Of curv, 4 
The Pia is the radius of the sphere of W A 
us of a concave mirror is a point on its principa a 9 rincipal axis meet 
s a point on its principal axis from which 


after : i 
rays reflection from the mirror. The focus of a convex mirror ! t 
The paralel to the principal axis appear to come after reflection from the mirror. 

Sphi Istance between the focus and the pole of a mirror is called its focal length. The focal length of a 

eric ë a 
The si a mirror is equal to half its radius of curvature. v A 
Naks ize,location and nature of the image formed by a concave mirror depends on the position of the object 
own in the following table: 
“Nature of Image 


| axis at W! 


Pasi 
itio, r 
N of Object Position of Image Size of Image 
me pole and focus Behind the mirror Magnified Virtual, erect 
CUA focus and centre of Beyond centre Magnified Real, inverted 
u 
At cen z of curvature d ; 
tre of curvature At centre of curvature Same size Real, inverted 
Diminished Real, inverted 


“i 


~— 


Between focus and 


Be 
yond centre of curvature 
centre of curvature 
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The 


A convex mirror forms only virtual images for any position of the object. The image is always virtual, erect, 
situated behind the mirror between its pole and focus and is smaller than the object. The image becomes 
smaller and moves closer to the focus as the object is moved away from the mirror. 

A concave mirror is used as a shaving mirror, as a doctor’s head mirror and as a reflector in head lights 
of automobiles. 


A convex mirror is used as a driver's mirror. 


QUESTIONS 

Explain what is meant by the terms pole, centre of curvature, radius of curvature and principal axis of a 
spherical mirror. Show them on a diagram for a concave mirror and a convex mirror. 

What do you understand by the terms focusand focal length of a spherical mirror? Show them on a diagram 
for a concave mirror and a convex mirror. 

By means of ray diagram show how a concave mirror can form 
real image and (iii) a virtual image of an.object placed on its 
Draw a ray diagram to show the formation of the image of an 
a concave mirror. What is the nature, size and position of th 


(a) Draw a ray diagram to show the formation of the image of an object placed on the Principal axis 
of a convex mirror. 


(i) a diminished real image, (ii) a magnified 
Principal axis. 


object placed at the centre of curvature of 
e image? 


(b) | What happens to the image as the object is moved away from the mirror? 
(a) State two uses of concave mirrors, 


(b) State one use of a convex mirror. 


Figure 5.15 shows two parallel rays 1 and 2 incident on (a) a concave mirror and (b) a convex mirror, Copy 


Principal axis 


Principal axis 


(a) Concave mirror (b) Convex mirror 


Fig. 5.16 


the diagrams in your exercise book. Draw the ri 


eflected rays i 
F. Cis the centre of curvature of the mirror. Ys and mark the position of the focus by the letter 
Figure 5.16 shows a concave mirror 


and a luminous poi i i š à 
of the object. Point (tiny) object P on its principal axis. Ris the image 


Q 


Fig. 5.16 
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(a)’ A ray PQ is incident on the mirror as shown in the diagram. Draw the reflected ray. 
(b). By construction, locate the point C, the centre of curvature of the mirror. 
9. Figure 5.17 shows an object AB and its image A‘B’ formed by a concave mirror. Complete the ray diagram 
and mark F, the focus of the mirror. 
Principal axis 


g’ A 


Fig. 5.17 


0. Figure 5.18 shows an object AB and its image A‘B’tormed by a convex mirror. Complete the ray diagram 
and mark F, the fotus of the mirror. 


A 


Fig. 5.18 
11. Figure 5.19 shows a concave mirror whose centre of curvature is at C. Mark on the diagram the position 


Screen 


Principal axis 


‘Fig. 5.19 


of a point source of light so that a bright circular patch of light of the same size as the mirror is formed 
on the screen. Draw two rays to show how the patch is formed. 
12. Mark true or false. 
(i) A convex mirror forms only virtual images. 
(ii) A concave mirror forms only real images. 
(iii) A virtual image cannot be received on a screen. 
liv) A convex mirror forms a virtual magnified image of an object. 
(v) A driver uses a concave mirror to have a clear view of the traffic behind the car. 
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13. Fill in the blanks using the choices given in brackets. 


14. 


(i) 


(ii) 
(iii) 


(iv) 


(v) 


(vi) 


You are given three mirrors; a plane mirror, a convex mirrorand a concave mirror. H 
between them without touching their surfaces? 


The focal length of a spherical mirror is 


the radius of curvature (equal to, 
twice, half). 


A real image 


be received on a screen (can, cannot). 


As an object is moved away from a concave mirror, the size of its real image. 


(decreases, increases, remains unchanged). 


As an object is moved away from a convex mirror, the size of its image. 


(decreases, increases, remains unchanged) 
The reflector used in torch is a mirror(concave, convex). 


A convex surface bulges 


ow will you distinguish 


towards the incident light (outwards, inwards). 


CHAPTER 


More about Refraction 


of Light 


Lenses 


A lens is made of a transparent material hav- 
ing curved surfaces. The surfaces are usual- 
ly spherical. The lens is a very useful optical 
device. Lenses are very widely used these 
days. They are used in various optical devices 
and instruments such as cameras, picture pro- 
jectors, telescopes, microscopes, binoculars 
and spectacles. 


The primary function of a lens is to form 
images of objects. The principle on which a 
lens works is based on the phenomenon of 


Normal 
| 


| 
I 
| 
Incident ray I 


Refracted 
see rey 
(a) 


refraction of light. You learnt in Class VII that 
when a ray of light travels from one medium 
into another, it bends or changes direction. 
This is called refraction. You have studied 
refraction of light at plane surfaces. 

You know that when a ray of light travell- 
ing in an optically rarer medium meets the 
boundary of an optically denser medium, it 
bends towards the normal as shown in Fig. 
6.1(a). But, when a ray of light travelling in 
an optically denser medium meets the boun- 
dary of an optically rarer medium, it bends 
away from the normal as shown in Fig. 6.1(b). 


Normal 


Fig. 6.1 


58 Physics for Class VIII 


Types of Lenses 

Lenses are of two types: (a) convex or con- 
verging lenses and (b) concave or diverging 
/enses. Convex lenses are thicker in the cen- 
tre than at the edges as shown in Fig. 6.2(a). 


t OH 


Plano Double Plano Double 
Convex Convex Concave Concave 
Lens Lens Lens Lens 


(a) Converging lenses (b) Diverging lenses 


Fig. 6.2 


Concave lenses are thinner at the centre than 
at the edges as shown in Fig. 6.2(b), 


Refraction by a Lens 


The laws of refraction for plane surfaces also 
hold good for spherical surfaces. When a ray 
‘of light travelling in an optically rarer medium 
meets a spherical surface of a denser medium, 
it bends towards the normal at the point of 
incidence. This is shown in Fig. 6.3a. Figure 


Fig. 6.3 


Parallel piste. 
6.3b shows a ray from a denser medium to 


a rarer medium bending away from the 
normal. 3 

A lens is formed by a combination of the 
two surfaces shown in Figs. 6.3a and 6.3b. 


One combination gives a convex lens and the 
another combination gives a concave lens as 
shown in Figs. 6.4a and 6.4b. These diagrams 


Bent towards 


Ni normal N1 


ZN 
Incident ray f~ 


Bent away 
from normat 
Air Air N2 


(a) Convex lens 


i .ay 
ysl a Bent away from 
ray ~S.N2 Normal No 


Bent towards 
normal Ni 


Air 
(b) Concave lens 


Fig. 6.4 


also show how a ray of light is bent after suf- 
fering refractions at the two faces of the lens. 


Lens as a Combination of Prisms 


The action of a lens in bending a ray of light 
can also be understood if we regard a lens as 
being made up of a large number of prisms 
with a parallel plate in the centre as shown 
in Fig. 6.5 a (in the case of a convex lens) and 


Prisms 


(a) (b) 


Fig. 6.5 


Fig. 6.6(a) ( in the case of a concave lens). 
You have learnt last year that a prism bends 


ice ate altel 
F SSB Piste 


(b) 
Fig. 6.6 


a ray of light towards its pase as shown in Fig. 


Fig. 6.7 


The prisms in the upper half of the convex 
lens have their bases downwards (Fig. 6.5a) 
These prisms will bend the rays downwards 
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The prisms in the lower half of the convex lens 
have their bases upwards and, therefore, they 
will bend the light upwards as shown in Fig. 
6.5(a).'The central part of the lens is just a 
parallel plate which will allow the incident ray 
to pass unbent as shown in Fig. 6.8. Also, the 


Incident ray Emergent ray 


Parallel plate 
Fig. 6.8 


farther the prism from the centre of the lens, 
the greater is the bending of rays. The rays 
emerging from the prisms meet a point F 
which is called the focus of the lens. Figure 
6.5(b) shows the bending of parallel rays by 
the convex lens as a whole. The rays converge 
to a point F. That is why a convex lens is 
called a converging lens. 

The bending of parallel rays by a concave 
lens is shown in Figs. 6.6(a) and 6.6(b). The 
parallel rays become divergent after refraction 
through the lens. That is why a concave lens 
is called a diverging lens. The diverging rays 
appear to come from a point F called the focus 
of the lens. 


Definition of Some Important Terms 


1. Optical Centre The centre of the lens is 
called its optical centre. In Fig. 6.9 the op- 
tical centre of the lens is marked O. 
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2. Principal Axis The line joining the centres 
of curvature of the two faces of the lens 
is called its principal axis. It passes through 
the optical centre (Fig. 6.9). C, is the cen- 
tre of curvature of face 1 and C, that of 
face 2. 


3. Focus and Focal Length A lens has two 
foci F and A as shown in Fig. 6.10. If the 


——t— —t 


Fig. 6.10 


two faces of the lens have the same radius 
of curvature (as in the case of a double- 
convex or double-concave lens), the two 
focus points F, and F are at the same 
distance from the optical centre. This 
distance is called the foca/ /ength (f) of the 
lens. 


Drawing of Ray Diagrams for Lenses 


Convex and concave lenses form images of 
objects. We can determine the Position, size 
and nature (real or virtual, inverted or erect) 
of the image by drawing the ray diagrams. To 
draw a ray diagram, youi may take any two 
of the following three most convenient rays 
coming from any point on an object. 


1. Ray Passing through the Optical Cen- 
tre The ray marked 1 in Figs. 6.11(a) and 
(b) passing through the optical centre goes 
through the lens without bending. 


2. Ray Parallel to the Principal Axis The ray 


marked 2 which is parallel to the principal 
axis will, after refraction through the lens, 
Pass through the focus (in the case of a 
convex lens as shown in Fig. 6.11 a) or ap- 


Principat 3 
S'S (a) Convex lens 


(b) Convex lens 


Fig. 6.11 


Pear to pass through the focus (in the case 
of a concave lens as shown in Fig. 6.11b). 


3. Ray Passing through the Focus The ray 
marked 3 passing through the focus (in the 
Case of a convex lens) or appearing to pass 
through the focus (in the case of a concave 
lens) becomes Parallel to the Principal axis 


after refraction through the lens as shown 
in Figs. 6.11a and 6.11b. 


Images Formed by a Convex Lens 
You can now draw ra 
Position, size and na 
ed by a convex lens 
the object on the pri 


y diagrams to obtain the 

ture of the image form- 

for various positions of 

ncipal axis. 

1. Object betwe 
is pl 
bet 


en OandF An object AB 
aced on the principal axis of the lens 
ween the optical centre O and focus F 
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of the lens as shown in Fig. 6.12. Two rays, A’is the real image of A. Thus A’B’is the 


one passing through the optical centre (ray real image of AB. Thus, in this case, the 
imge is real, inverted, magnified and 


located beyond 2F on the other side of the 
fens. 


3. Object at 2F This case is shown in Fig. 
6.14. The image is real, inverted, of the 


Fig. 6.12 


1) and the other parallel to the principal axis 


(ray 2) are taken. After refraction, these Fig. 6.14 

two rays are divergent and appear to come 

from A‘which is, therefore, the virtual im- same size as the object and is located at 
age of A. Similarly B’ is the virtual image a distance of 2f from the lens. 


of B. Hence A’B’is the virtual image of AB. 4. Object b d2F Fi 
This image is erect, virtual, magnified and ` ECUREY OR Figure 6.15 shows the 


on the same side of the lens as the object. 


2. Object between F and 2F Figure 6.13 


Fig. 6.15 


formation of image in this case. The image 
is real, inverted, diminished and lies bet- 
ween F and 2F. 


Fig. 6.13 


Images Formed by a Concave Lens 

A concave lens forms only virtual images for 
all positions of the object. Figure 6.16 shows 
how the virtual image is formed. The image 
is always virtual, erect, smaller than the ob- 
ject and lies between the optical centre O and 
the focus F of the lens on the same side as 


shows an object AB placed between the 
focus Fand a point marked 2F. The point 
marked 2F is at a distance of 2f from the 
lens, where f = OFis the focal length of 
the lens. The two refracted rays 1 and 2 
actually meet at A’in this case. Therefore, 
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Fig. 6.16 


the object. As the object is moved away from 
the lens, the image moves closer to the focus. 


Activity 1 
You can see the focussing action of a con- 
vex lens. Take a magnifying glass; this is a con- 
vex lens fixed in a frame with a handle and 
is available in stationery shops, it is also call- 
ed a reading lens). Allow sunlight to fall on 
it and place a piece of paper below it. You 
will see a bright patch on the paper. Adjust the 


Sun rays 
7. 


Fig. 6.17 


distance of the lens from the paper until the 
spot of light is really small and bright. The rays 
from a far off object like the sun are practically 


parallel. The lens focusses the rays to a spot. 
The paper near this spot will begin to smoke 
(Fig. 6.17). 

Use a metre scale and measure the distance 
of the lens from the spot on the paper. This 


gives you the approximate focal length of the 
lens. 


Activity 2 

You can also determine the nature and size 
of images formed by a convex lens. You will 
need a magnifying glass, a metre scale, a piece 
of cardboard about 10 cm x 15 cm with white 
paper pasted on one side, a candle and some 
plasticine. The white side of the card will serve 
as a screen to receive the image. 

With the help of plasticine, fix the lens and 
the screen on the metre scale as shown in Fig. 
6.18. Make sure that the lens and the screen 


Fig. 6.18 


are vertical. A smal 


l lighted candle will act as 
the object. 


Find the approximate focal length fof the 
lens as described in Activity 1 above. Fix a 
lighted candle at a distance greater than 2f 
from the lens, Move the screen backwards 
and forwards until you see a clear inverted im- 
age of the candle on the screen. Is the im- 
age" smaller or bigger than the object? 

Now place the candle at a distance of 2/ 
from the lens. Move the screen to obtain 4 
Clear image of the candle. Is the image of thé 
Same size as the Object? 

Ove the candle closer to the lens so that 


it is between fand 2f from the lens. Adjust 
the position of the screen. Do you now see 
a magnified, inverted image of the candle? 

All these images are real. You have receiv- 
ed them on your screen. 

Finally move the candle very close to the 
lens so that it lies inside the focus. Can you 
obtain any image on the screen? You will only 
be able to see the magnified and erect image 
if you look through the lens. This image is vir- 
tual and hence it cannot be received on the 
screen. 


Optical instruments 


Lenses are used in many optical instruments. 
We shall study some of the simplest of these 
instruments. 


The Camera 


A photographic camera consists of a convex 
lens fitted in one face of a light-proof box 
which is painted black on the inside. A strip 
of photographic film is placed at the other face 
of the box as shown in Fig 6.19. The lens 


Fig. 6.19 


forms a reat, inverted and diminished image 
on the film. 

You know that the distance of the image 
from the lens depends upon the distance bet- 
ween the object and the lens. Thus, when the 
distant objects are in focus (that is, their im- 
age is formed on the film), the nearby objects 
will be out of focus. To enable distant and 
nearby objects to be photographed by the 


More about Refrection of Light 63 


same camera, a bellow is used so that the 
distance between the lens and the film can 
be altered at will. This motion of the lens so 
as to obtain the image on the film is called 
focussing. ; 

After exposure, the film is treated with 
chemicals and a permanent image appears on 
the film. This is called the negative. The 
negative is used to produce copies of the 
positive which is commonly called the 
photograph. 


The Simple Microscope or Magnifying Glass 
A microscope is an instrument for examining 
the details of very tiny objects which are not 
clearly visible to the naked eye. A simple 
microscope or magnifying glass is just a con- 
vex lens. The small object to be examined is 
placed between the optical centre and the 
focus of the lens and the eye is placed just 
behind the lens. A magnified, erect and vir- 
tual image is formed by the lens as shown in 
Fig. 6.20a. 


Magnified image 
of scale 


Convex tens handle 


(b) 


Fig. 6.20 
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A magnifying glass is a convex lens fixed 
in a circular frame with a handle as shown in 
Fig. 6.20b. In a laboratory, it is used to read 
scales where divisions are marked very close 
to each other. It can be used to examine 
fingerprints or tiny insects. The shorter the 
focal length of the lens, the greater is the 
magnification of the image of an object. 


The Compound Microscope 

With a simple magnifying glass, a magnifica- 
tion of about 10 be achieved. A magnif- 
ication of 10 means that the image is 10 
times larger than the object. When higher 
magnification is desired, a compound 
microscope is used. lt was invented by Galileo 
in 1610. 

A compound microscope consists of two 
convex lenses called the objective (or the ob- 
ject lens) and the eye-piece (called the eye 
lens). The objective is a convex lens of very 
short focal length and is placed close to the 
object. The eye-piece is a convex lens of a 
slightly longer focal length and is placed close 
to the eye. 

The tiny object AB to be examined is plac- 
ed just beyond the focus of the objective, as 
shown in Fig. 6.21, which forms a magnified 


Eye-piece 


a 


byt—-------- 
\ 
\ 


Fig. 6.21 


image A'B’. The image A’ B’ acts as an ob- 
ject for the eye-piece which forms the final 
highly magnified image A”B”. This final im- 
age is seen by the eye. 


A magnification of about 1000 can be 
achieved with a compound microscope. 


The Telescope 


A telescope is an instrument which is used 
to see distant object such as the moon, stars 
and distant objects on earth. It was invented 
by Johannes Kepler in 1611. It consists of two 
convex lenses—an objective of long focal 
length and an eye-piece of extremely short— 
focal length. 


Figure 6.22 shows how a magnified image 


Objective 


Eye-piece 


Fig. 6.22 

of a distant object is formed and seen in a 
telescope. The objective forms a diminished 
image A'B” of the distant object AB. The 
Image A’B’ acts as an object for the eye- 
piece. The eye-piece simply acts as a magni- 
fying glass and forms the final image A”B” 
which is seen by the eye. This image is vit- 
tual, inverted and highly magnified. 


Telescopes are used to study the surface 
atures of the moon and planets and to study 
eir Motion. Astronomers have discovered 
many new things with the help ° 
telescopes —craterg on the moon, the rings 
Of saturn, the satellites of Jupiter, ete 


fe 
th 


= — 


Activity 3: Making a Telescope 


Take two metal or cardboard tubes, one of a 
slightly smaller diameter than the other so that 
one can slide into the other. If you cannot find 
such tubes you can make them with chart 
paper and gum. Blacken the inside of the 
tubes. 

From your school physics laboratory bor- 
row two convex lenses of focal lengths about 
5 cm and 25 cm each. With some plasticine, 
fix the lens of focal length 25 cm at one end 
of the bigger tube. This lens is the objective 
of your telescope and will be directed towards 
the object to be seen. Fix the lens of focal 
length 5 cm at the end of the smaller tube. 
This lens is the eye-piece as the eye will be 
placed near it (Fig. 6.23). i 


Objective 
f=25 cm 


Eye piece 
f=5em 


Fig. 6.23 


Your telescope is ready. Use it to see a dis- 
tant object such as a small bird sitting on a 
tree. Does the object look bigger and closer? 
Can you now examine the details of the ob- 
ject? The magnifying power of the telescope 
can be increased if the objective of a longer 
focal length and eyepiece of a shorter focal 
length are used. 


The Human Eye 

The human eye is a remarkable optical instru- 
Ment. It is like a camera having a lens on one 
side and a sensitive screen called the retina 
on the other. The essential parts of a human 
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eye are shown in Fig. 6.24. 
In front of the eye is a transparent film call 


Ciliary muscle 


Vitreous 
humour 


Ciliary 
muscle 


Optic nerve 


Fig. 6.24 


ed cornea which bulges outward. Behind the 
cornea is the crystalline lens which is held in 
position by a pair of ciliary muscles. The space 
between the cornea and the lens is filled with 
a watery fluid called the aqueous humour. The 
space between the lens and the retina is fill- 
ed with a transparent fluid called the vitreous 
humour. 

The sensitive inner surface at the back of 
the eye is called retina. The images of objects 
are received on the retina. 


Power of Accommodation 


Hold your finger a few centimetres from the 
eye and focus on it. You can see your finger 
but the distant objects become blurred. Now 
relax your eye and focus on a distant object. 
The nearby objects now become blurred. The 
ability to focus the eye on nearby and distant 
objects is called power of accommodation. 
But there is a limit to the eye's power of ac- 
commodation. It can accommodate to see 
distant objects clearly, but if the object is too 
close to the eye, it is not clearly visible. The 
smallest object distance at which clear vision 
is obtained by accommodation is about 25 cm 
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for a normal eye. This distance is called the 1. Myopia (or shortsightedness) A person 


shortest distance of distinct vision. 


Common Defects of Vision 


A person with normal eyes can, by virtue of 
accommodation, clearly see all objects which 
are at a distance greater than 25 cm from the 
eye (Fig. 6.25a and 6.26a). Due to certain 
defects in the eye, it cannot accommodate 
itself to various distances. There are two com- 
mon defects of the eye: myopia and 
hypermetropia. 


(a) Normal eye 


(b) Myopic eye 


(c) Correction by a 
concave lens 


Fig. 6.25 


suffering from myopia (or short- 
sightedness) cannot clearly see distant ob- 
jects but can easily see objects nearby. The 
reason is that the image of a distant ob- 
ject is not formed at the retina but in front 
of it as shown in Fig. 6.25b. 

This defect can be corrected by using 
spectacles having concave lenses as shown 
in Fig. 6.25c. The concave lens diverges the 
incident rays and, therefore, they can now 
be focussed on the retina of the eye. 


2. Hypermetropia (or Longsightedness) A 
person suffering from hypermetropia (or 
longsightedness) can see distant objects 
clearly, but objects nearby will seem blur- 
‘red. The reason is that the image of a 
nearby object is not formed on the retina 
but behind it as shown in Fig. 6.26b. 
This defect can be corrected by using 
spectacles with convex lenses as shown in 
Fig. 6.26c. The convex lens converges the 
incident rays and, therefore, they can now 
be focussed on the retina of the eye. 


(a) Normal eye 
(b) Hypermetropic eye 


(c) Correction bya 
“ONVex lens 


Fig. 6.26 
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POINTS TO REMEMBER 


A lens is made of a transparent material having curved surfaces which are usually spherical. 


2. Lenses are of two types: convex or converging lenses and concave or diverging lenses. 
3. A convex lens can form virtual or real image depending on the position of the object as summarized in the 
following table. 
O = optical centre, F = focus of lens, 2F = point at a distance of twice the focal length 
Position of the object Position of the image Size of the image Nature of the image 
1) Between O and F Behind the object Magnified Virtual, erect 
2) Between Fand 2F Beyond 2F Magnified Real, inverted 
3) At 2F At 2F Same size as the object Real, inverted 
4) Beyond 2F Between F and 2F Diminished Real, inverted 
4. A concave lens forms only virtual images for all Positions of the object. The image is always virtual, erect, 
smaller than the object and lies between the optical centre and the focus on the same side of the lens as 
the object. As the object is moved away from the lens, the image moves closer to the focus. 
5. Lenses are used in many optical instruments such as cameras, telescopes, microscopes, spectacles, etc. 
6. There are two common defects of the human eye: myopia (or shortsightedness) and hypermetropia (or 
longsightedness). 
7. A person suffering from myopia cannot clearly see distant objects. This defect is corrected by using spec- 
tacles with concave lenses. 
8. A person suffering from hypermetropia cannot clearly see nearby objects. This defect is corrected by using 
spectacles with convex lenses. 
QUESTIONS 
1. What is a lens? Name the two types of lenses. , A . 
2. Drawneat diagrams to show the converging action of a convex lens and the diverging action of a concave lens. 
3. What do you understand by the terms ‘focus’ and ‘focal length’ of (i) a convex lens and (ii) a concave lens. 
Draw ray diagrams and mark focus and focal length. p aA 3 
4. Drawa ray diagram to show how a convex lens forms a virtual magnified image ofan object, 4 
5. Draw ray diagrams to show how a converging lens forms (i) a real diminished image of an object, and (ii) 
a real magnified image of an object. pel f 2 
6. Where should an object be placed in front of a convex lens so as to obtain its real image of the same size 
as the object? Illustrate by drawing a neat ray diagram. ; > 
7. (a) Drawa ray diagram to show how a concave lens forms the image of the object. 
(b) What is the position, nature and size of the image in relation TEN, be the object? 
(c) What happens to the image if the object is moved away from the lens ; 
a Describe a seis photographic camera and explain how it works. Draw a labelled diagram. 
* (a) What i ion of a microscope? 
is the function of a microscopi e ui 
l (b) Draw a ray diagram to illustrate the action of a simple magnifying glass. 
0. (a) Whati i ? 
at is a compound microscope Skam r 5 
i (b) Drawa ray aiseta to illustrate the formation of the final image in a compound microscope. 
Te (a) w Š 
hat is the function of a telescope? TA z ; thröugh'a:telescope 
(b) Dra i ing the formation of the image of a distant object as seen throug Ra; 
12, Wa Tey diagram noana tial parts of a human eye. 


la) Draw a labelled dia howing the essen 
gram showing r 
(b) What is meant by the power of accommodation of an eye? 
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(a) Explain what is meant by shortsightedness and longsightedness of an eye. 

(b) Draw neat diagrams to show how each defect is corrected. 

What is the difference between a telescope and a microscope? 

How will you distinguish between a convex lens, a concave lens and a thin glass plate without touching them? 


Complete the ray diagrams in Fig. 6. 27. 


TAA 


Fig. 6.27 


17. Complete the ray diagrams shown in Fig. 6.28 and find out the nature of the image in each case. 


s 


= 


Fig. 6.28 
18. Match items in column | with those in column ll 
Column | Column II 
1. Microscope _ (i) Instrument to view distant objects 
> oe e pending Of a ray of light when it travels from one medium into another 
. point on the principal axis where rays parallel to the rincipal axi verge 
. after refraction through a convex lens. ear eae 
4. Telescope (iv) Instrument to look at details of tiny obj 
5. Focus (v) Ability of the eye to f yiphiocts. 


6. Accommodation 


19. 


Mark true of false 
(i) A convex lens, if suitably placed in front 


page of an obje se 
(ii) A concave lens, if suitably placed in fron ject, can form its virtual image. 


a object, can form its real image. 
Ns iS replaced by a Concave lens of the same focal ae 


20. 
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(iv) A magnifying glass is just a convex lens. 

(v) A ray which falls normally on a glass slab does not suffer refraction. 
(vi) A longsighted person has to wear spectacles to see distant objects. 
Filling in the blanks using the choices given in the brackets. 


(i) A lens forms real as well as virtual images. (convex, concave). 


(ii) The nearest distance of distinct vision for a normal human eye is cm. 


(zero, 25, 50, infinite) 
(iii) A person reading a book by holding it at an arm's length suffers from a defect called 
(shortsightedness, longsightedness) 
(iv) Shortsightedness can be remedied by using a_________________ lens. (convex, concave). 
(v) A image cannot be received on a screen. (real, virtual) 


(vi) The magnifying power of a telescope increases if the focal length of the ___._-———_ is 


increased while that of ________________ is decreased (objective, eye-piece). 


CHAPTER 


Static Electricity 


The word electricity comes from a Greek word 
elektron which means amber. Amber is a kind 
of resin. About 2500 years ago, a Greek 
philosopher Thales found that when a piece 
of amber was rubbed with fur, it would at- 
tract small pieces of leaves, cork, or even 
dust. Today we know that many other 
materials, such as plastic, nylon, glass, hard 
rubber, sealing wax and ebonite show the 
same effect. A substance which shows this 
effect is said to be electrified or charged. 


Activity 1 

Place some tiny bits of paper ona table. Hold 
a plastic ruler or plastic pen close to the bits 
of paper. The plastic ruler or pen does not at- 
tract them. Now rub the ruler or pen with dry 
hair or a piece of wool and bring it near the 
bits of paper. What do you observe? The 
pieces of paper will jump up and stick to the 
pen or ruler as shown in Fig. 7.1. 

Try a second experiment. Inflate a rubber 


Fig. 7.1 


a 


ballon. Rub it against a woollen material and 
place it against a wall. What do you find? You 
«will find that it sticks to the wall (Fig. 7.1). 


You must have experienced this attraction 
while combing your hair or taking off a shirt 
made of synthetic fibre. In each case the ob- 
ject is charged by the rubbing process and it 
is said to possess an electric charge or static 
electricity. 


Two kinds of Electric Charge 


You have seen that an object can be charg- 
ed by rubbing. A glass rod rubbed with silk 
attracts pieces of paper. Similarly an ebonite 
rod rubbed with fur will also attract pieces of 
paper. Both glass and ebonite are charged by 
rubbing. 

The first step in the development of the 
science of electricity was taken when scien- 
tists found that two glass rods rubbed with 
silk repe/ each other. Similarly two ebonite 
rods rubbed with fur also repe/ each other. 
But a glass rod rubbed with silk and an 
ebonite rod rubbed with fur attract each other. 
These can be demonstrated by the following 
experiment. 

A glass rod rubbed with silk is suspended 
from a thread and another glass rod rubbed 


epulsion 


Ta 
lass 


(a) 
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with silk is brought near it as shown in Fig. 
7.2a. The two rods repel each other. Similar- 
ly, two ebonite rods rubbed with fur repel 
each other (Fig. 7.2 b). In the third experi- 
ment, a glass rod rubbed with silk is suspend- 
ed by a piece of thread and an ebonite rod 
rubbed with fur is brought near it as shown 
in Fig. 7.2c. It is found that the two rods at- 
tract each other. 

If the rods are not rubbed with silk or fur, 
no attraction or repulsion is observed. Thus 
we concluded that the force of attraction or 
repulsion arises because the rods are charg- 
ed. Such forces are called electrostatic forces. 


Activity 2 
You will need two small balloons, a woollen 
pullover or garment and some cotton thread. 
Inflate the balloons’and tie them up with a 
length of cotton thread. Rub the balloons 
against woollen material. Hold the free ends 
of the threads in your hands and drop the 
balloons (Fig. 7.3). You will find that the 
balloons repel each other. 


The observations of the experiments shown 
in Fig. 7.2 clearly suggest that the charge 
developed on the glass rod when rubbed with 


Repulsion 


«Attraction 


Glass 
Ebonite ~~) N 


Fig. 7.2 
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silk must be opposite to the charge developed 
on the ebonite rod when rubbed with fur. 
When other materials that can be charged by 
rubbing are tested in a similar fashion, it is 
found that they fall into the following two 
categories: 


ak 


Repulsion 
Fig. 7.3 


1. Some materials develop the same kind of 
charge as that developed on a glass rod 
when rubbed with silk. Such materials are 
said to have acquired a positive charge or 
they are said to be positively charged. 

2. Other materials develop the same kind of 
charge as that developed on an ebonite rod 
when rubbed with fur. These materials are 
said to have acquired a negative charge or 
they are said to be negatively charged. 
These experiments not only suggest the ex- 

istence of two kinds of charges, they also 
verify a fundamental law of static electricity 
which states that /ike charges repel, unlike 
charges attract. 

Where do these charges come from? How 
are bodies electrified by rubbing? Scientists 
found the answers to these questions when 
they discovered that atoms are made up of 
smaller particles called electrons, Protonsand 
neutrons. 


Structure of Atom: What are Atoms 
made of? 


You know that matter is composed of tiny 
particles called molecules. Many of these 
molecules are made up of similar or different 
Particles called atoms. For ‘quite some time 
scientists believed that atoms were the 
smallest building units of all substances and 
that an atom could not be further divided. 

In the first half of the twentieth century, 
scientists discovered that the atom is com- 
posed of smaller particles, some negatively 
charged, some positively charged and some 
without any charge. The negatively charged 
Particles are celled electrons,the positively 
charged particles are called protons the un- 
charged particles neutrons, 

Experimental observations showed that the 
mass of a proton is almost equal to that of 
a neutron, but electron has a very little mass. 
The mass of an electron is about 1/1840 of 
that of a proton, 

Scientists discovered that the amount of 
negative charge on an electron is equal to the 
amount of positive charge on a proton. Scien- 
tists consider each electron as one unit of 
negative electricity or charge, that is, an elec- 
tron carries a unit negative charge. A proton 
carries a unit positive charge. A neutron has 
zero charge. 

Where are these Particles located in an 
atom? In 1911, Lord Rutherford discovered 
that most of the mass of an atom is concen- 
trated in a small core called the nuc/eus. The 
heavy protons and neutrons are packed into 
this nucleus, The electrons revolve around the 
nucleus in various orbits at very high speeds. 
The movement of electrons in orbits around 
the nucleus is similar to the motion of planets 
around the sun. Now the atom, as a whole, 
's electrically neutral. In a neutral atom, the 
number of electrons is equal to the number 
of protons. Thus, if an atom has one proton, 


it will have just one electron revolving around 
-its nucleus, and if an atom has eight protons, 
it will have eight electrons. 
The atoms of different elements have a dif- 
ferent number of protons and neutrons in the 
‘nucleus. For example, an atom of hydrogen 
has only one proton and no neutron, an atom 
‘of helium has two protons and two neutrons 
and an atom of aluminium has 13 protons and 
14 neutrons in its nucleus. Figure 7.4 shows 
a model of an atom of carbon which has 6 


Fig. 7.4 


protons and 6 neutrons in its nucleus with 6 
electrons revolving around it in two orbits. In 
this simple model, the orbits of electrons are 
shown circular, they are actually e//iptical. 
The electrons in the orbits close to the 
nucleus are called bound electrons because 
they are tightly bound to the nucleus by a 
strong attractive force between the positive 
charge of the nucleus and the negative charge 
of the electrons. But the electrons in orbits 
far away from the nucleus experience very lit- 
tle force of attraction and so are called free 
electrons. The free electrons can, therefore, 
be transferred from one body to another. If 
this happens‘the atom is left with an extra 
number of protons. It becomes positively 
charged. The other body which gains an ex- 
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tra number of electrons becomes negatively 
charged. 

Atoms having a charge on them are called 
ions. Atoms which have a shortage or deficit 
of electrons are called positive ions; they have 
a positive charge. Atoms which have extra or 
surplus electrons are called negative ions; they 
have a negative charge. 


Explanation of Charging by Rubbing 


The free electrons in the atoms of some ` 
substances such as glass are held less tightly 
to their nuclei than those in the atoms of other 
substances such as silk. Thus when a glass 
rod is rubbed with silk, some electrons are 
transferred from glass to silk. The glass rod 
loses some electrons and the silk gains them. - 
Thus, the glass rod develops a positive charge 
(due to a deficit of electrons) and the silk 
develops an equal negative charge (due to a 
surplus of electrons). This is shown in Fig. 
7.5a. Similarly, the electrons in ebonite are 
more tightly bound than those in fur. 
Therefore, if an ebonite rod is rubbed with fur, 
electrons are transferred from fur to ebonite. 
Hence, the ebonite develops a negative 
charge and fur an equal and opposite positive 
charge. This is shown in Fig. 7.5b. 


Conservation of Charge 


The total number of electrons in glass and silk 
taken together always remains the same. Due 
to rubbing, some electrons are simply 
transferred from glass to silk. The number of 
electrons lost by glass is equal to the number 
of electrons gained by silk. In other words, 
the tota/ charge is always conserved in any 
process. 


Conductors and Insulators 


You already know that substances such as 
silver, copper, aluminium, iron, mercury, coal, 
acids, alkalis, salts, earth and the human body 
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Electrons 


(a) 


Glass 


(b) 


Ebonite 


Fur 


Glass loses electrons 
and becomes 
Positively charged 


Ebonite gains electrons 


Silk" gains electrons 
and becomes 
nagatively charged 


Fur loses electrons 


and becomes negatively and becomes 


charged 


Positively charged 


Fig. 7.5 


are good conductors of electricity; they allow 
electricity (or charge) to flow through them. ' 
On the other hand, substances such as glass, 
ebonite, silk, wool, rubber, wood, plastic, 
mica and wax are insulators; they do not allow 
electricity (or charge) to flow through them. 
Why are some substances conductors and 
others insulators of electricity? The answer lies 
in the fact that different substances have dif- 
ferent numbers of free electrons in them, 
Substances (such as metals) that have a large 
number of free electrons are conductors. 
They can be used to carry or conduct charge 
from one place to another. Substances that 
have a very small number of free electrons are 
insulators. They can be used to prevent 
charge to flow from one place to another. 


Charging by Conduction (or Contact) 


Is rubbing the only way to charge a body? A 
conductor can be charged by bringing it in 
contact with a charged body as shown in Fig. 
7.6. Suppose a metallic sphere A is to be 
charged positively. It is placed on an insulating 
stand as shown in the diagram. A Positively 


charged glass rod B is made to touch the 
sphere A. Some positive charge of B will be 
transferred to A. The rod Bis now removed. 


The sphere A will be left with a positive 
charge. 


Insulating 
stand 


Fig. 7.6 


This can be explained as follows: Since the 
rod 
electrons. When it is brought in contact with 
an uncharged body A, the free electrons © 
A will flow to B tò make up for its deficien- 
cy. Due to a loss of electrons in A, it becomes 
Positively charged, f 

It is clear that insulators cannot be charg 
ed by conduction (or contact) because theY 


Bis positively charged, it has a deficit of” 


do not contain any free electrons. Hence no 
transfer of charge can take place in insulators. 


Charging by Induction 
Figure 7.7 shows two metals spheres A and 
B mounted on insulating stands made of 


Fig. 7.7 


wood or ebonite. They are placed touching 
each other. A negatively charged ebonite rod 
C is broyght near A (without touching it). 
Sphere B is moved away while the rod Cis 
still near che sphere A. If the spheres are 
tested, it will be found that A is positively 
charged and 8 is negatively charged. 

This can be explained as follows: the 
negatively charged rod C will repel the free 
electrons in sphere A to sphere B. Sphere A 
having lost some electrons, becomes positive- 
ly charged and sphere B, having gained those 
electrons, becomes negatively charged. We 
say that the charged rod has induced charges 
on spheres A and B. Notice that the charge 
on the sphere nearer to the inducing body is 
opposite to the charge on the inducing body. 


Activity 3 
Take a piece of thin metal foil (the inner lid 
of a Bournvita tin or the silver packing of a 
cigarette packet will do) and shape it round 
like a small ball. Suspend the ball with a piece 
of thread. 
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Rub your plastic ruler with a piece of woollen 
cloth. The ruler becomes negatively charged. 
Bring the charged ruler near the ball (Fig. 7.8). 


Fig. 7.5 


What do you observe? The ball is attracted 
towards the ruler. Can you tell why? The 
reason is that the negatively charged ruler in- 
duces a positive charge on the nearer end A 
of the ball. The two unlike charges attract 
each other. 

Touch the ruler with the ball. What do you 
observe now? The ball is repelled by the ruler 
This happens because, on touching the ruler, 
some negative charge of the ruler is transfer- 
red to the ball by contact. Therefore, both the 
ball and the ruler have a negative charge and 
hence they repel each other. 


Electroscope 


How can you find out whether a body is 
charged or uncharged or whether it carries a 
positive or a negative charge? Scientists use 
an instrument called e/ectroscope to detect 
and test small electric charges. 

A simple electroscope is shown in Fig. 7.9. 
it consists of a metal rod passing through a 
tightfitting cork in a glass bottle. To the lower 
end of the rod is attached a pair of thin 


76 Physics for Class VIII 


metallic leaves (made of gold or aluminium). 
The upper end of the rod has a metal disc. 
A part of the rod and the leaves are enclosed 


<—Metal disc 


ork 


Metal rod 


Bottie Thin leaves 


of metal foil 
Table top Ẹ 


in a bottle to protect the leaves from wind. 
To protect the leaves from external electric 
charges, the lower half of the bottle is lined 
with tin foil which is earthed so that the ex- 
ternal charge, if any, may flow to the earth. 
The electroscope is placed on a wooden table, 

The electroscope can be used to detect 
whether a body is charged or not. Take a glass 
rod and rub it with silk. Let the rod touch the 
metal disc of the electroscope as shown in 
Fig. 7.10a. You will notice that the leaves of 


Fig 7.10 (a) 


the electroscope diverge (get separated) as 
shown in the diagram. The leaves diverge 


because when the positively charged glass rod 
is touched to the metal disc, some charge is 
transferred to the disc and to the leaves 
through the metal rod. Both the leaves have 
a positive charge and they repel each other 
and, therefore, diverge. If the metal disc is 
touched with the hand, the leaves collapse 
(ar come closer together). This happens 
because the charge on the leaves flows to the 
earth through the human body. 

Similarly, if an ebonite rod rubbed with fur 
is touched to the metal disc of the elec- 
troscope, the leaves will diverge as shown 
in Fig. 7.10b. Both the leaves now have a 
negative charge. 


Fig. 7.10 (b) 


Thus, to find out whether a body is charg- 
ed or not, allow it to touch the metal cap of 
an electroscope. If the leaves diverge, the 
body is charged and if they do not diverge, 
the body has no charge; it is neutral. The 
greater the charge, the greater is the 
divergence of the leaves. 

Suppose you have a charged body and you 
wish to find out whether it has a positive 
charge or a negative charge. For this purpose, 
it is necessary to charge the electroscope 
either positively or negatively. Suppose you 
have a positively charged electroscope. Bring 
the body (whose charge is to be determined} 


in contact with the metal disc of the elec- 
troscope. If the divergence of the leaves in- 
creases, the body has a positive charge; but 
if the divergence of the leaves decreases, the 
body has a negative charge. 


Activity 4: Making an Electroscope 


You can make your own electroscope at 
home. You will need a wide-mouthed glass 
bottle (an empty inkpot will do), a piece of 
stiff card, an aluminium clothes clip, a thin 
metal foil piece (a chocolate or cigarette wrap- 
per will do). 

Remove the lid of the bottle. Cut a circle 
out of the stiff card that will cover the mouth 
of the bottle. At the centre of the card make 
a hole just big enough to hold the aluminium 
clip (Fig. 7.11). Cut a-strip % cm wide and 


Plastic ruler Aluminium 


Pieces of foil 


Fig. 7.11 


5 cm long from the thin metal foil. Fold it in 
two and hold it between the jaws of the clip. 
Fix the clip in the card. Use sellotape or gum 
to fix the card on the mouth of the bottle. 
Your electroscope is now ready for use. 
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Now take your plastic ruler and rub it with 
a woollen garment. Touch the ruler with the 
clip as shown in Fig. 7.11. What do you find? 
Next, take a glass rod and rub it with a piece 
of silk. Let it touch the clip of the electroscope 
which is already charged negatively by the 
ruler. What do you notice now? What do you 
concluded from your observations? 


An electroscope can also be used to find 
out whether a certain material is a conductor 
or an insulator. Take two electroscopes A and 
B and place them side by side as shown in 
Fig. 7.12. Take a charged rod and touch it 


Plastic scale 


(a) 


Copper wire with 
plastic covering 


Fig. 7.12 
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with the metal disc of A, it is charged and its 
leaves diverge. Electroscope Bis uncharged, 
its leaves remain collapsed. 

Now take a plastic ruler and use it to con- 
nect the discs of A and B as shown in Fig. 
7.12a. The leaves of electroscope B still re- 
main collapsed, showing that charge cannot 
flow trom Ato B through the plastic ruler. In 
other words, plastic is an insulator. 

Next, take a piece of plastic-covered cop- 
per wire and remove the plastic covering from 
its ends. Hold the wire from the middle and 
place it on the discs of the electroscopes as 
shown in Fig. 7.12b. Make sure that the nak- 
ed wires at the ends touch the disc of each 
electroscope. What do you observe now? You 
will notice that the leaves of electroscope B 
also diverge, showing that some charge of 
electroscope A has been transferred to elec- 
troscope B through the copper wire. Thus 
charge can flow through copper. In other 
words, copper is a conductor of charge. 

Is our body a conductor of electricity? We 
can find out by simply touching the metal disc 
of a charged electroscope. The leaves are 
seen to collapse? This means that the charge 
on the electroscope flows through the body 
to the earth. 

You already know which materials are con- 
ductors and which are insulators of electrici- 
ty. The following chart will help you recall 
them. 


Conductors 


Insulators 


1. All metals like 
silver, Copper, 
aluminium, gold, 


iron, mercury etc. 


Silver is the best 
conductor 


All non-metals (ex- 
cept graphite) like 
rubber, wood, 
plastic, bakelite, 
glass, ebonite, mica, 
cotton, silk, air, 
other gases, wax, 
wool, etc. 


2. A non-metal like 
graphite (it is a form 
of carbon used in 
lead pencils) 


Pure water 


3. Water solutions 
of acids, bases and 
salts 


Dry and dead animal 
and plant bodies 


4. Living animal and 
plant bodies 


Atmospheric Electricity 


Due to friction or rubbing between clouds and 
the wind, clouds acquire large electric charge. 
In 1752, an American scientist Benjamin 
Franklin showed that clouds have electrical 
charges. For this purpose, he flew a kite in 
a thunderstorm and tied a metal key near the 
other end of the string (Fig. 7.13). When he 
touched the key, he received a number of 
sparks. This happens because the charge of 
the clouds flows through the wet string (a wet 
string conducts electricity) to the metal key 
where the charge gets collected. A spark oc- 
curs between the charge on the key and the 
Opposite charge induced on the finger. 


A spark may occur between two oppositely 


charged clouds or between a charged cloud 
and the earth which‘ 


due to induction, Th 
The clouds may al 
pointed roofs of 


gets the opposite charge 
iS spark is called /ightning 
SO induce charge on the 
> buildings or trees. The 
resulting lightning discharge can be very 
dangerous. It can kill men and animals. It can 
cause fire and shatter buildings. i 


The Lightning Conductor 
Tall buildings can 
bya lightning con 
tor is a long flat 
sharp points or S| 


be protected from lightning 
ductor. A lightning conduc- 
thick strip of copper with 
pikes projecting above the 


highest part of a, building. The lower end is 
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posite charge on the spikes. This charge 
quickly flows to the earth through the cop- 
per strip. Thus the lightning discharge is 
prevented and the building is saved from 
damage.. 


ee 


6 8 


Copper strip ~ Induced charge on 
spikes 


Ground 


connected to a copper plate buried deep in- $ z 
--+- 4 — Buried 
to the earth to provide a good earth connec- y e plate aaa 
tion (Fig. 7.14). When a highly charged cloud 
passes over the building, it induces an op- Fig. 7.14 


a 


POINTS TO REMEMBER 


Materials like glass, ebonite or plastic can be charged by rubbing or friction. 

When a glass rod is rubbed with silk, the glass acquires a positive charge and the silk acquires and equal 
negative charge. If an ebonite rod is rubbed with fur, the ebonite acquires a negative charge and fur an 
equal positive charge. 

Like charges repel, unlike charges attract. 

An atom consists of a positively charged nucleus with negatively charged electrons revolving around it in 
various orbits. The nucleus consists of protons and neutrons. The protons are positively charged and neutrons 
are uncharged. The mass of a neutron is nearly equal to that of a proton. The mass of an electron is about 
1/1840 of that of a proton. 

In a normal or neutral atom, the number of electrons is equal to the number of protons. 

The atoms of different elements have a different number of protons and neutrons in their nuclei. 
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The electrons orbiting close to the nucleus are tightly bound to it. The electrons in higher orbits have very 
little force of attraction and are called free electrons. 
Electrification by friction can be explained in terms of the transfer of free electrons from one body to mee 
The body which gains extra electrons develops a negative charge and the vody which loses electrons develop 
a positive charge. a 

Conductors have a very large number of free electrons. Insulators have a negligible number of free electrons. 
Conductors cannot be charged by friction. They are charged by conduction or induction. 

An electroscope is an instrument used for detecting and testing small electric charges. o 
A lightning conductor protects buildings from damage due to lightning discharge, between the building 
and charged clouds, during a thunderstorm. 


QUESTIONS 
(a) State what happens when 


(i) a glass rod is rubbed with silk. 
(ii) an ebonite rod is rubbed with fur. 


(b) How will you account for your answer to (i) and (ii) in terms of electron transfer? 


Describe an experiment to show that like charges repel and unlike charges attract. 
(a) Briefly describe the structure of an atom. 


(b) What are free and bound electrons? 

(c) Distinguish between conductors and insulators. 

(a) How can you charge a conductor by (i) conduction and (ii) induction? 

(b) Explain the charging by conduction and induction in terms of free electrons in conductors. 
(a) Draw a labelled diagram of a simple electroscope. 


(b) How will you use an electroscope to find out whether a given body is charged or uncharged? Give 
a reason for your answer. 


You are provided with two electroscopes, a glass rod, a piece of silk, and wooden metre scale. How will 


you use the apparatus to show that wood is an insulator of electricity? Give reasons for your answer. 
(a) What causes lightning? 


(b) How is a tall building protected from da 
(c) How does a lightning conductor work? 
You have four charged objects A, B, C and 


| fo D. You find that A repels B and attracts C but C repels D. 
If D is positively charged, what kind of charge does B have? 


mage due to lightning? 


: , placed in contact with the metal disc of 
a negatively charged electroscope: (a) a glass rod rubbed with silk, (b) an ebonite rod rubbed with fur, (c) 
an uncharged metal rod, and (d) a wooden 


Fig. 7.15 


12. 


13. 
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disc of an uncharged electroscope. What will happen to the leaves of the electroscope if a negatively charg- 
ed ebonite rod is brought near the end B of the rod? Give reasons for your answer. 
Mark true or false. 


(i) 


(ii) 
(iii) 
(iv) 


(v) 
(vi) 
(vii) 
(viii) 


When a glass rod is rubbed with silk, the glass becomes positively charged and the silk remains 
uncharged. 

When an ebonite rod is rubbed with fur, electrons are transferred from fur to ebonite. 

A charged body cannot attract an uncharged body. 

When a neutral conductor is touched to the disc of a charged electroscope, the leaves immediately 
collapse. 

Small charges can be detected with an electroscope. 

An uncharged electroscope may be used to determine whether a body a positive or a negative charge. 
Like charges attract and unlike charges repel. 

Electrons, protons and neutrons are packed together in the nucleus of an atom. 


Fill in the blanks using one of the choices given in brackets: 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


When a glass rod is rubbed with silk, the glass acquires a charge and the 
silk acquires a ______..___§_=_—s charge because loses some electrons 
and the ————————— gains them. (positive, negative, glass, silk) 
Two positive charges ______________ each other, two negative charges. 
each other but a positive charge and a negative charge ___ SS CSCSCSCSCSCSCsé@aach other. 


(attract, repeal) 
The charge on an electron is (positive, negative, zero). 


Neutral atoms have the same number of and 


(electrons, protons, neutrons). 

When a positively charged body is placed in contact with the metal disc of a positively charged elec- 
troscope, the leaf divergence —— (increases, decreases, remains unchanged). 
When an uncharged insulator is placed in contact with the metal disc of a negatively charged elec- 


troscope, the leaf divergence (increases, decreases, remains unchanged). 


CHAPTER 


Current Electricity 


In the last chapter you have studied how 
bodies can be charged. You have learnt that 
there is a force between charges at rest. 
These charges will move if free to do so. You 
have seen that if a conductor is connected to 
the metal discs of two electroscopes, one 
charged and the other uncharged, then the 
charge flows (or moves) from the charged 
electroscope to the uncharged electroscope. 
A moving charge constitutes a current. \n this 
chapter we shall study moving charges. The 
branch of physics which deals with the study 
of moving charges is known as current 
electricity. 
In order to study moving charges, it is 
necessary to introduce a new concept, the 
` electrical potential. You will later learn about 
the usefulness of this concept. 


Electrical Potential 


Suppose we have two positively charged con- 
ductors supported on insulating stands. If we 
place them in contact, the charge will flow 
from one to the other. This can be shown with 
the help of an electroscope. What causes the 
charge to flow? What determines the direc- 
tion of the flow of charge? These questions 
can be answered in terms of what is called 
the electrical potential of a charged body. The 
following examples will help you to under 


stand the meaning of electrical potential. 
EXAMPLE 1 

Take two jars containing water and connected 
to each other by a tube fitted with a stopcock 
as shown in Fig. 8.1. When the stopcock is 


Fig. 8.1 


opened, water will flow from jar A (in which 
the water level is higher) to jar B (in which 
the water level is lower) even though jar A 
may have less water than jar B. The flow of 
water stops when the levels are the same in 
both jars. Thus, it is the height of the level 
and not the quantity of the liquid which deter- 
mines the direction in which water will flow- 


EXAMPLE 2 


" e er 
Heat a piece of metal and put itin a beak 


containing water at room temperature. The 
temperature of water rises. Heat will flow from 
the metal (which is at a higher temperature) 
to water (which is at a lower temperature) 
even though the quantity of heat in water 
(which is determined by its mass, specific heat 
and temperature) may be more than that in the 
metal piece. Thus it is the temperature and 
not the quantity of heat which determines the 
direction in which heat will flow. 

Electrical potential plays the same role in 
the flow of charge as is played by height of 
the level in the flow of a liquid or by 
temperature in the flow of heat. Just as the 
direction of the flow of water is independent 
of the total quantity of water, or the direc- 
tion of the flow of heat is independent of the 
total quantity of heat, the direction of the flow 
of charge does not depend upon the quanti- 
ty of charge on the two charged bodies when 
they are brought into contact. The direction 
of the flow of charge depends upon the e/ec- 
trical potential of the two charged bodies. 
Charge flows from a body having a higher 
electrical potential to a body having a lower 
electrical potential. 

Thus, electrical potential is the condition 
which determines the direction of the flow of 
charge.’A positively charged body is said to 
have a positive potential and a negatively 


‘Positive potential 


Insulator—, 


Electron 
flow 


(a) 
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charged body has a negative potential. For 
practical purposes, the earth is taken to be 
at zero electrical potential. 

Figure 8.2a shows what happens when a 
positively charged body is connected to the 
earth by means of a conducting wire. The 
positively charged body is at a higher positive 
potential than the earth which is at zero 
potential. Therefore, positive charge will flow 
from the body to the earth, which is the same 
thing as saying that the negative charge (elec- 
trons) will flow from earth to the body. This 
flow continues till the potentials are equaliz- 
ed. On the other hand, when a negatively 
charged body is connected to earth, electrons 
will flow from the body to the earth, until the 
two bodies have reached the same potential. 
This is shown in Fig. 8.2b. 


Potential Difference 


It is clear that charge will flow from one body 
to another if there is a difference of potential 
between them. Similarly, charge will flow 
through a conducting wire if a potential dif- 
ference is maintained between its ends. A cell 
serves this purpose; it supplies the energy 
needed to maintain a difference of potential. 


Units of Charge and Potential Difference 
You know that an electron has a negative 


Negative potential 


Electron 
flow 


Earth at zero potential 
(b) 


Fig. 8.2 
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charge. Scientists used this charge as a unit; 
but the charge of an electron is too small to 
be used as a unit for practical purposes. 
Therefore, scientists use an unit of charge 
called the coulomb (symbol C). A coulomb 
is taken to be the standard unit of charge. 

coulomb is equal to the charge of 6.24 
x 1/0 electrons. Do you know what it 
represents? 6.24 x 10'8 is the same thing as 
624 x 10" or 624 followed by 16 zeros or 
6,240,000,000,000,000,000. A submultiple of 
coulomb called microcoulomb (symbol uC) is 
also used. 1 microcoulomb is one-millionth of 
a coulomb. 


1 microcoulomb = coulomb 


1,000,000 
1 uC = 10-8C 
You know that in order to move a body, 
work has to be done on it. Hence work must 
be done to move a charge. The unit of poten- 
tial difference is defined in relation to this 
work. The standard unit of Potential dif- 
ference is called the vo/t (symbol V). 

The potential difference between two 
points is said to be 1 volt if 1 Joule of work 
is done to move 1 coulomb of charge from 
one point to the other. 

Look at a torch cell. It is marked 1.5 V or 
1.5 volts. This means that there is a Potential 
difference of 1.5 volts between its terminals. 
If this potential difference did not exist, the 
cell would not be able to drive the Current in 
the circuit. 


or 


Electric Current 


Just as water flows in a river, electric ch 
flows in a conductor. Just as flow of water 
constitutes water current, the flow of charge 
constitutes electric current. The strength of 
water current depends upon two factors: 
(a) the amount of water flowing and 

(b) the rate at which it flows. 


arge 


Similarly the strength of electric current 

depends upon two factors: 

(a) the amount of charge flowing in a con- 

ductor, and 

(b) the rate at which it flows. ; 
If a charge Q flows through a conductor 

in time t, the current /in the conductor is given 

by 

charge 

time 


Current = 


The standard unit of current is called 
ampere (symbol A). 


1 coulomb 
1 ampere = 


1 second 

The current in a conductor is 1 ampere if 
1 coulomb of charge flows through the con- 
ductor in 1 second. If two coulombs of charge 
flow through a'conductor in 1 second, the 
Current in the conductor is 2 amperes. Thus 
a Current of 1 ampere means that 6.24 X 
10" electrons move through any point of the 
Conductor every second, 


Sometimes smaller units of current are 
used. 


They are 
1 milliampere = ampere 
1000 
sh TmA = 107A 
oF 
and 1 microampere = s ampere 
1,000,000 
or 1A = 10A 


Electron Flow and Conventional Current 
The current in a closed circuit is the flow o 
electrons in the circuit. The cell is the s 
of electrons which flow from its negative er 
minal to its positive terminals as shown in Fi9- 


8.3a. The arrows in the diagram show the 
direction in which the electrons move in the 
circuit. 


(a) Direction of electron 
flow 


(b) Direction of conventional 
current 


Fig. 8.3 


However, before scientists had found out 
about electrons, they used to mark the direc- 
tion of the current in the opposite way from 
the positive to the negative terminal. This is 
Called the conventional current. This is shown 
in Fig. 8.3b. From now on we shall mark the 


direction of the current in a circuit in this 
Manner 


Electric Cells 


ete to obtain a continuous supply of cur- 
Be in a circuit, a potential difference must 
is Maintained at the ends of the circuit. This 
done’ with the help of a cell. A cell is a 
Svice in which a potential difference is main- 
sined between its two terminals by a conver 
On of chemical energy into electrical energy: 
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The simplest cell was devised by Alessen- 
dro Volta and is called a voltaic cell. It con- 
sists of two plates, one of copper and the 
other of zinc, both dipped in dilute sulphuric 
acid contained in a glass vessel and kept apart 
as shown in Fig. 8.4. The two plates are call- 


Zinc plate 


Glass vessel 
sulphuric 
acid 


Fig. 8.4 


ed electrodes and the solution in which they 
are dipped is called electrolyte. As a result of 
a chemical reaction, a potential difference is 
developed between the plates. If a bulb is con- 
nected to the plates as shown, it begins to 
glow. The copper plate is the positive elec- 
trode (or terminal) and the zinc plate is the 


negative electrode. . 
The cell described above is a wet cell and 


cannot be easily carried from one place to 
another because it uses a liquid as an elec- 
trolyte. The type of cell you use ina torch or 
a transistor radio is a dry cell; it contains no 
liquid. Figure 8.5 shows the inside of a dry 
cell. It consists of a carbon rod inserted in a 
black powder (a mixture of carbon and 
manganese dioxide). The rod, along with the 
surrounding black mixture, IS placed in a zinc 
vessel and the space between them is filled 
with a white paste (consisting of starch, flour 
and ammonium chloride). The top of the cell 
is sealed with an insulating material. Thick in- 
sulating paper is inserted at the bottom bet- 
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Brass cap 


Insulating 
seal 


Black powder 
of manganese. 
dioxide+ carbon 


SUNVAARANINANAAAANNS 


Card board 


iB 


covering 
Zinc container 


White paste of 
ammonium- 


chloride+starch 
+ flour 


Fig. 8.5 


ween the carbon rod and the zinc vessel. The 
zinc vessel is surrounded by thick insulating 
paper. The carbon rod is the positive terminal 
and the zinc vessel the negative terminal of 
the cell. As a result of a chemical reaction bet- 
ween the chemicals of the cell, a potential dif- 


ference of 1.5 volts is developed between its 
terminals. 


Activity 1: Parts of a Dry Cell 
Take an old used cell. First take off the card 


Carbon rod 


SS 


Brass cap 


board wrapping. You will now be able to see 
a metal container; it is made of zinc. Tear of 

a part of the zinc casing with the help of pliers- 
Do you see a whitish jellylike substance? Can 
you name it? With a knife remove the white 
jelly. Do you see a black sticky power? What 
does it consist of? Now grip the brass cap 
firmely at the top with a pair of pliers and pul! 
Out the black rod of carbon (Fig. 8.6). 


Manganese 
dioxide power 


Ammonium 
chloride paste 


Activity 2 
You can make your own cell. Cut a piece of 
zinc from the outer,casing of an old used cell 
and insert it in a fresh juicy lemon. Make a 
hole in the lemon and insert the carbon rod 
as shown in Fig. 8.7. Your cell is ready. The 


Fig. 8.7 


lemon juice is the electrolyte and zinc and car- 
bon its two terminals. If you touch your 
tongue to the two terminals as shown in the 
diagram, you will feel a slight tickling because 
a weak current flows through your tongue. 


The cells so far described are called primary 
cells. When the cell is used, its chemicals are 
used up and the cell stops working. The cells 
used in laboratories and cars are secondary 
cells. They can be recharged and can be re- 
used. These cells are also called storage cells 
or accumulators. 


How to Draw a Circuit Diagram 


Scientists use special symbols to represent 
various things they use in their experiments. 
In chemistry, you use symbols to represent 
various elements. H stands for hydrogen, O 
for oxygen, Na for sodium and so on. Similar- 
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ly, in physics, we use symbols to represent 
the various parts of an experiment. In elec- 
tricity we use symbols to represent the various 
parts of a circuit. 

You have already used a simple circuit con- 
sisting of a cell, a torch bulb, a switch and 
lengths of wires. To draw a circuit diagram, 
we must write down the symbols of a cell, 
a bulb, a switch and connecting wires. Figure 
8.8 shows these symbols. A cell has two 
terminals—a positive (+) terminal and a 
negative (—) terminal. Look at a cell and 


Apporgtusigi Symbol 
t+ 
| ae 
A cell A cell 
{ff As tg 
Open switch Open switch 
l=) | —— 
Closed switch | Closed switch 
E | 
A bulb | ___A’bulb a 


Fig. 8.8 


locate its positive and negative terminals. The 
first picture in Fig. 8.8 shows the symbol we 
use for a ‘cell. The long vertical line is the 
positive terminal and the short line is the 
negative terminal. The second picture shows 
an open and closed switch. The bulb is shown 
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Cell 


(a) Circuit 


Wire 


Switch 
(b) Circuit diagram 


Fig. 8.9 


in the third picture. The connecting wires are 
shown by lines. 

Using these symbols a drawing of a circuit 
shown in Fig. 8.9a can be changed into a cir- 
cuit diagram shown in Fig. 8.9b, 

A group of two or more cells used together 
is called a battery. In a torch, two or more 
cells are used together. The cells are con- 
nected as shown in Fig. 8.10. The Positive ter- 


- +- + 


“ll 
=h} 


Two cells in series 


i 


Three cells in series 


Fig. 8.10 


minal of one cell touches the negative terminal 
of the next and so on. When cells are con- 
nected in this way, they are said to be con- 
nected in series, Figure 8.10 also shows how 
we represent cells connected in series by thelr 
symbols. 


a 


Ss 
SS 


Activity 3 d 

Take three fresh cells and a torch bulb an t 
two pieces of wire. You have already Pa 
in class VI how a bulb is connected to 4 pi 
so that it can glow. First connect only one We: 
to the bulb. Then connect the bulb to a 
Cells in series and finally connect the bu ; 
three cells connected together in series ( H 
8.11). What do you observe? Will the DU” 
glow with equal-brightness in the three cases 
You will find that the brightness 
maximum if you use three cells in series- 

ulb is quite dim if only one cell is used. Ta 
you tell why this happens? Figure 8.11 4 
shows the circuit diagram in each case- 


is 

The voltage of a fresh dry cell is 1.5 V- T 
means that a potential difference of 1-5 V om 
exists across its terminals. If two cells are ° ill 
nected in series, their combined voltag? alls 
be 1.5 + 1.5 = 3 V` The voltage of three €? g 
connected in series will be 1.5 + 1-5 t 
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Fig. 8.11 


= 4.5 V. The higher the voltage, the greater ment used for measuring the current flowing 
is the current flowing through the bulb and through a conductor or circuit. It has a scale 


the brighter it glows. which is graduated in amperes. 
Figure 8.12 shows how a voltmeter is con- 
Voltmeter and Ammeter nected in a circuit to find the potential dif- 


A voltmeter is an instrument used for measur- ference between the ends of the filament of 
ing the potential difference between two a bulb. The terminal marked (+) on the 
points or terminals. It has a scale which is voltmeter is connected to that terminal of the 
graduated in volts. The ammeteris an instru- bulb which is connected to the (+) terminal 
of the cell and the terminal of the voltmeter 
marked (—) is connected to that terminal of 
the bulb which is connected to the (—) ter- 
minal of the cell. The reading of the pointer 


— 


(a) Circuit (b) Circuit diagram 


Fig. 8.12 
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of the voltmeter gives the potential difference 
across the bulb. Notice that the voltmeter is 
always connected in`parallel. 

Figure 8.13 shows how an ammeter is con- 
nected in a circuit to find the current flowing 


(a) Circuit 


(b) Circuit diagram 


Fig. 8.13 


init. The terminal of the ammeter marked (—) 
is connected to the (—) terminal of the cell 
and the terminal marked (+) is connected to 
the (+) terminal of the cell through the bulb. 
The reading of the pointer of the ammeter 
gives the current flowing in the Circuit. Notice 
that an ammeter is always connected in 
series. 


Electrical Resistance 


The flow of electrons through a wire 
resembles, in some ways, the flow of water 
in a pipe. In both cases, energy is needed to 
maintain the flow. Water flows because of 
gravitational energy or the energy provided 
by a pump. Electric current flows because of 
the electrical energy supplied by a cell, 
The friction between the water and the 
walls of the pipe reduces the fl 


3 ow of water. 
In other words, the pipe offers 


resistance to 


the flow of water. Similarly a wire offers e/ec- 
trical resistance to the flow of electrons. This 
happens because the electrons collide with (or 
bump into) the atoms of the wire as they 
move through it. These collisions slow down 
the electrons. A long wire will offer more 
resistance than a short one because there will 
be more collisions in the longer wire. Just as 
water flows more easily through a wide pipe 
than a narrow pipe, the electrons flow more 
readily through a thick wire than through a 
thin wire. In other words, a thick wire will of- 
fer less resistance than a thin wire because 
in a thick wire there is more area of cross- 
section for the electrons to flow through. The 
resistance of a wire also depends upon the 
material of which it is made. Thus we find that 
the resistance of a wire. 3 
(i) increases when the length of the wire iS 
increased; 
(ii) decreases when the thickness of the wire 
is increased: i 
tii) depends on the material of which the wire 
is made. 

Good conductors of electricity are those 
which have a very low resistance and allow 
the electrons to flow through them very easily. 
Materials whiċh have a very high resistance 
Prevent the flow of electrons through them. 
These materials are insulators. 

Since the resistance in a circuit opposes the 
flow of electrons, the current strength is low 
In Circuits which have a high resistance. 
Unit of Resistance. A 

he electrical resistance of a conductor 1S 
measured in a unit called ohm. Its symbol ÎS 


Q. Ina circuit, resistance is represented 
as 

Ohm's Law 

iman electrical circuit, the cell is the source 
of electrical energy which maintains a poten- 
tial differenc 


€ between the ends of a conduc” 


tor. It is the potential difference which drives 
the current in the circuit. Therefore, poten- 
tial difference and current must be related to 
each other. This relation was discovered by 
George Simon Ohm of Germany in 1827. 
From his experimental observations, he 
discovered a law, known as Ohm’s Lawwhich 
States that the ratio of the potential difference 
between the ends of a conductor and the cur- 
rent flowing through it is constant. This ratio 
is called the resistance of the conductor. In 
symbols, 


V 
Hoes PR 
/ 
Where V = potential difference in volts, 
/ = current in amperes, and 


R = resistance in ohms 


This relation tells us that if the potential dif- 
ference between the ends of a conductor is 
doubled, the current flowing in it is also doubl- 
ed and so on. 


Verification of Ohm's Law and Determination 
of Resistance of a Wire 


Set up the circuit as shown in Fig. 8.14. 


Battery of cells 


N) 
à Switch 
Ammeter 


Voltmeter 
(a) Circuit Fi 
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Notice that the ammeter is connected in series 
with the wire and the voltmeter is connected 
in parallel across it. The reading of the am- 
meter gives the current flowing in the circuit- 
(which also flows through the wire) and the 
reading of the voltmeter gives the potential 
difference between the ends of the wire. 
These readings are taken with just one cell in 
the circuit. Cells are added one by one and 
the readings of the voltmeter and the ammeter 
are recorded in each case. The following table 
shows the readings in a laboratory experi- 
-ment. (Your teacher will stow you how the 
experiment is done). 


No. of Voltmeter Ammeter Ratio 
cells reading -reading V 
used (V) (I) R= Ti 

1 1.5V O5A AB iow 39 
0.5 

2 3.0 V 1.0A 3Q 

3 45V 1.5 A 3 Q 

4 6.0 V 2.0 A 3 Q 

5 7.5V 2.5A 3Q 


(b) Circuit diagram 


g. 8.14 
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Vv 


It is found that the ratio F remains 


constant, although Vand /both change. This 
verifies Ohm's law. The constant ratio pR 
determines the resistance of the wire. 

' V 
From Ohm's law R = T. 

It follows that if V = 1 volt and / = 1 
ampere, then R = 1 ohm. Thus, the 
resistance of a conductor is said to be 1 ohm 
if a current of 1 ampere flows through it when 


a potential difference of 1 volt is maintained 
between its ends. 


EXAMPLE 3 


A current of 2 amperes flows through a con- 
ductor for 5 minutes. How many coulombs 


of charge have passed through the 
conductor? 


Solution 
Current / = 2 amperes 
Time t = 5 minutes 
=5 x 60 = 300 seconds 
Now charge Q = current x time 
Sh x tf 


=2 x 300 = 600 coulombs 
EXAMPLE 4 
A current of 0.5 ampere flows 
resistance coil when a 6 volt batt 


nected across it. Find the resista 
coil. 


through a 
ery is con- 
nce of the 


Solution 
Current / = 0.5 ampere 
Potential difference V = 6 volts 
From Ohm's law, 


Resistance R = V =r 


12 
/ 0.5 ne 


EXAMPLE 5 
A current of 0.4 ampere is flowing through 


a wire of resistance 10 ohms. Find the poten- 
tial difference across the wire. 
Solution 
Current / = 0.4 ampere 
Resistance R = 10 ohms 
From Ohm’s law 


Ra lá , where V = potential difference 
I 


V=/xR=04x 10 = 4 volts 
EXAMPLE 6 


A potential difference of 200 volts is maintain- 


ed across a heater coil of resistance 40 ohms. 
Find the current in the coil. 

Solution 

Potential difference V = 200 volts 
Resistance R = 40 ohms 

From Ohm's law, 


R = — , where / = current 
/ 
v 200 
Mican —— = 5 amperes 
R 40 


Combination of Resistances 


In electrical Circuits, it is often necessary tO 
combine two or more resistances. Resistances 
can be combined in two ways (i) in series and 
(ii) in parallel, ú 

fi) Resistances in Series Resistances are said 
to be connected in series when they are join- 
ed end to end. Figure 8.15 shows three 


Fig. 8.15 


resistances R, R and R connected in series. 
What is the resistance of the combination? 
First determine the value of each resistance 
by the experiment shown in Fig. 8.14. Let 
their values be R, = 2Q R, = 3 Qand R, 
= pA: r 

Now connect the three resistances in series 
and determine the resistance A of the com- 
bination by using the circuit shown in Fig. 8.14. 
You will find that the value of R = 10 Q which 
is2Q + 3Q + 5Q = 10Q. This shows that 


R=R + R+ R 
Remember that the current in each resistance 
is the same. When resistances are connected 
in series, the total resistance is equal to the 
sum of the individual resistances. 


(ai) Resistances in Parallel What is the 
resistance of the combination when resis- 
tances are connected in parallel? Figure 8.16 


shows a circuit diagram which three resis- 
tances A,, R, and R, are connected in 
parallel. It is found that the effective resistance 
R of the combination is given by the formula 


1 1 1 A 
R R, Rp = Yy 


It is clear that the potential difference across 
each resistance is the same. When resistances 
are connected in parallel, the reciprocal of the 
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resistance of the combination is equal to the 
sum of the reciprocals of the individual 
resistances. 


EXAMPLE 7 


Three resistances of 8 Q, 12 Q'and 24 Q are 
connected (a) in series and (b) in parallel. Find 
the resistance of the combination in each 
case. 


Solution 
80 

12 Q 

24 Q 

When resistances are connected in series, 

the resistance of the combination is given 

by 

R=R + R+ R; 
= 8 + 12 + 24 = 4A 

(b) When the resistances are connected in 
parallel, the resistance of the combination 


is given by 
1 1 1 1 
a =ar eet ES, 
R R, R R 
Seit pee Gha ae 
8 12 24 
34+2+1 6s, SY 
24 24 4 
or R=4QA 


Notice that the resistance of the parallel 
combination is less than any of the individual 
resistances. 


EXAMPLE 8 


Two resistances of 4 Q and 6 Q are connected 


by a 3 volt battery as shown in Fig. 8.17. Find 
(a) the current in the circuit, (b) the potential 
difference across the resistance of 4 Q and ` 
(c) the potential difference across the 
resistance of 6 Q. 
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3 Volts 


H 


4n 


Ry 


6. 


Fig. 8.17 


Solution 


(a) Total resistance (A) in the circuit = 44 
6 = 10 Q Potential difference ( V) =3Vv. 
From Ohm's law, the current /in the cir- 


cuit is given by 
Pat Wie 3..- 0.3 A 
R 10 


(b) Since the two resistances are connected 
in series the current flowing through each 
is equal to the current /in the circuit. From 
Ohm's law, the potential difference V, 
across R, (= 4Q) is given by 


Vi =/R—03x4= 1.2V 

(c) The potential difference V, across R(= 
6 Q) is given by 
V = R= 6 = 1.8 volts 


Notice that V + ¥% = y 


EXAMPLE 9 


Two resistances of 5 Q and 20 Q are con- 
nected to a 6 volt battery as shown in Fig, 
8.18. Find (a) the current in the Circuit, (b) cur- 


Fig. 8.18 


rent in resistance of 5 Q and (c) the current 
in resistance of 20 Q. 
Solution 


(a) The total resistance (A) in the circuit is 
given by 


1 1 
R R, 
1 1 
WAB e20 

orR=4Q 


1 
R, 


1 
4 


Total potential difference (V) = 6 volts i 
From Ohm's law the current /in the circuit 
is given by 


EE = ied = 15A 
R 4 


(b) Since the resistances are connected in 
parallel, the potential difference across 
each is equal to that of the battery ( V) = 
6V. 


From Ohm's law, the current / in Ai 


(= 5 Q) 
is given by 
/, ¥ 6 
“Dp = — = WA 
R, 5 
(c) The Current /, in R, ( = 20 Q) is given 
by 
I 4 6 
i es 
R, 20 usA 


Notice that l k= 
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POINTS TO REMEMBER 


i i electric current. h electrical potential. 
2 Cand ti hag a higher electrical potential to a eras at ae 6:2400 8lelec iona, 
: oes ows tr lomb is equal to the c : ints is 1V if 1 
is the unit of charge. One cou Sa e between two points is 
ts al al bod difference is called volt (V). The paton ee 
joule (J) of work is done to move 1 C of charge from one poi 
5. The rate of flow of charge is called current. 
Charge 
Current = “ah 
Time i ductor is 1 A if 1 C of charge flows throug 
6. The unit of current is called ampere (A). The current in a con A ie. 
it every second, iffi is maintained between the terminals by a conve 
7. A cell is a device in which a potential difference i 
M z ent 
chemical energy into electrical energy. n the ends of a conductor and the curr 
8. Ohm's law States that the ratio of the potential difference aera Oribe conductor 
flowing through it is constant. This constant is called the res 
Vv 
R ee x = es de. 
i . aterial of which it is made. 
9. The resistance of a wire depends on its length, thickness and bali is 1 ohm if a current of 1 A flows 
10, The unit of resistance is called ohm (Q). The sale gola Eei ite ends IE oei 
through it when a potential difference of 1 V is maintain E a T 
11. When resistances R,, R and A; are connected in series, the total 
to the sum of individual resistances. aton enone 
R=R, + Ro + R; istance R of the combination is g 
12. When resistances A, Rz and R; are connected in parallel, the resi 
the formula 
Se Fw p owen, «tal 
ao ee ee 
QUESTIONS : 
P j narged body 
1. What do you understand by the term e/ectrical potential of a c 
2. State the units of charge and current. Define an ampere. 
3. State ang define the unit of potential difference... f 
pa arts. 
4 (a Drawa diagram of the simple voltaic cell and pen al 
(b) Drawa labelled diagram showing the inside a y 
(c) Distinguish between primary and secondary cells. Paras 
5. (a) State Ohm's law. t circuit diagram and labe! 
(b) Describe an experiment to verify the law. ow a nea 
6. (a) What is the resistance of a conductor due to? 
(b) State and define the unit of resistance. i Apenas A ee 
(c) State the factors on which the resistance of a conductor Sa through the conductor F eres. 
7. The currenti ductor is 0.5 A. How many coulombs of charge p t in the conductor in milliamp 
8. 0.25¢ of chi ie ia yh a conductor in 10 s. Calculate the Lage tetas it. Calculate the resistance 
9. A 2V cell a small bulb and a current of 0.2 A flows t 
i of the filament. 
0. 


is flowing in it. 
i rrent of 0.2 A is 
Calculate the potential difference across a resistance of 12 Q if a cu 
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11. A uniform wire 10m long has a resistance of 200 2. What is the resistance of the same wire 30 m long? 
What is the resistance of 5 m of the wire? 


12. Two resistance 6 Q and 12 Q are connected (a) in series and (b) in parallel. Find the resistance of the com- 
bination in each case. 


13. What resistance must be joined with a 24 Q resistance in order to make a combined resistance of 8 $2? How 
must the resistances be joined? 


14. Calculate the effective resistance between points A and B in the three cases shown in Fig. 8.19. 


5 


(b) 


Fig. 8.19 


15. What will be the readings of ammeter 


; A and volt i ogi 
16. What will be the readings okammeter meter V in the circui 


t shown in Fig. 8.20? 


S Ay, A2 and Ag in the circuit shown in Fig. 8.21? 
3 Volts 6 Volts 
(A) 
2- 4n A) EÀ 6^ 
Fig. 8.20 D 
17. Mark true or false Fig. 8.21 


(i) The longer the wire, the greater its resistan 

(ii) The thicker the wire, the greater its resista a 

(iii) Insulators have very low resistance. hii 

(iv) If two resistances are connected in 
resistance. 

(v) If two resistances are connected in Parallel, the resista i A 
resistance. nce of the combination is greater than © 


series, 


| 19. 


18. 
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(vi) The voltmeter is connected in series and the ammeter, in parallel in a circuit. 
(vii) Charge cannot flow between two positively charged bodies. 
Fill in the blanks using the choices given in brackets. 


li) The unit of charge is , that of current is ———_—_—_—_ 
and of resistance is (volt, ampere, coulomb, ohm) 

(ii) It a wire is stretched to twice its original length, its resistance will 
(increase, decrease, remain unchanged). 

(iii) microcoulomb = coulomb (103, 10-3, 10-6, 108). 


(iv) _*mittiampere = 10-3 A (1, 10-3, 10, 10-8). 


(v) Charge = current x (voltage, resistance, time) 


(vi) The direction of conventional current is opposite to the direction in hich 
move (electrons, Protons, neutrons). 

(vil) In a cell, energy is converted into ——HHHH— anargy (meran 
electrical, chemical, gravitational). 

(viii) Resistance = potential difference + fai patie arr 


Draw a circuit diagram for each of the circuits shown in Fig. 8.22. 


iiy ee + 
(a) 


(b) 


(c) 
(d) 


Fig. 8.22 


98 Physics for Class Vill 


— + g — + 
(e) ; 
(4) 
Fig. 8.22 


20. The circuits A and B in Fig. 8.23 use 


É : identical bulbs. Look at these circuits and answer the follow- 
ing questions: 


Circuit A circuit B 


Fig. 8.23 


ti) How many cells are used in circuits A and 8? 
(ii) Which bulb will glow more brightly and why? 
(iii) If each cell has a voltage of 1.5 V, what i 


; s the combi Pare nd 8? 
21. Look carefully at circuits A and B shown in Fi ined voltage of the battery in circuits A @ 


g. 8.24 and answer the following questions. 


Hkh HHH 
3 
i 2 =i : 
S ae 


Circuit A Ciel 
1 


Fig. 8.24 
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(i) Which is a series circuit? 


(ii) Which is a parallel circuit? ? 7 
(ii) In circuit, A, the switch Sis closed. If the bulb 1 gets fused, will the bulb 2 burn? Give reasons for 
your answer. 
liv) In circuit, 8, how can you make only the bulb 3 glow? — $ , ; 
22. Look carefully at the circuits shown in Fig. 8.25 and tell which bulbs wiil burn in each case. 
l l 
1 1 1 
| - 3 
| 
C, 
| (a) (b) (c) 
| 
| mn 
| 
| 1 
| 1 1 
| 2 3 
(d) (f) 
(e) 


Fig. 8.25 


a Baas ’ ich is controll- 
23. Drawa circuit diagram showing a battery of four cells connected with three bulbs, each of whi 
ed by a separate switch. 


CHAPTER 


SD 


Effects of Current 


Electricity plays a very important role in our 
lives. In Chapter 7 we investigated the c igin 
of electricity, namely, the charge. In Chapter 
8 we learnt that moving charges constitute 
current, and introduced the important con- 
cept of resistance. In this chapter we shall 
discuss the working of certain devices which 
depend, for their operation, on some of the 
effects produced by a current when it flows 
through a conductor. The devices that we 
shall discuss are electrical appliances we use 
in our homes such as the electric bulb, elec- 
tric iron, electric bell, etc. We shall also learn 
how these devices are connected in a 
household circuit. 

When a current flows through a conduc- 
tor, it can have three effects —heating effect, 
magnetic effect and chemical effect. 
Heating Effect of Current 
The most obvious effect of current is the 
heating effect. You know that when a cur- 
rent flows through a bulb, it begins to glow. 
You can feel the heat if you hold your hand 


near a lighted electric bulb. Perform the 
following activity and find out. 


Activity 1 


Take about 50 cm of copper wire and wind 
it on a pencil as shown in Fig. 9.1. Connect 


Wire 


A— hH 
Battery 
Fig. 9.1 
0 
the two ends of the wire to a battery of “a 
or three cells through a switch. Close 


i 4 ire 
switch. After two minutes, touch the W! 
It becomes hot. 


— ae 
This experiment shows that when electi 4 
flows through a conductor, it becomes n t 
Let us examine the factors on which the N u 
produced in a conductor depends. ji her 
touch the wire (in the above experiment) 2! at 
5 minutes, it becomes hotter. This shows nds 
the heat, produced in a conductor depe es 
upon the time for which the electricity ÎS P 
ed through it. e cell 
Repeat the same experiment using o 
instead of two or three. You will find thé nis 
wire does not become so hot NOW: of 
shows that the heat produced in a con®” ir, 
depends upon the current passing throno ig 
If you repeat the experiment shown "= af 
9.1 using a nichrome wire (nichrom? 


alloy of nickel and chromium) instead of a 
copper wire of the same length and thickness, 
and allow the same amount of electricity to 
flow through it for the same time, you will find 
that the nichrome wire becomes much hot- 
a than the copper wire. This shows that the 
at produced in a wire depends on the 
material of which the wire is made. 
fir j yOu repeat the experiment shown 
oo ogi a very short and very thin 
best tretie yOu will find that it becomes so 
hia tale he begi to glow. Thus, we con- 
depends upon eat produced in a wire 


1. th r 
3 Te length and thickness of the wire 
3. T ihe flowing through it 
A ih ime for which the current flows 
ý Ta io of the conductor 
plicatio eating effect of current has many ap- 
lectii The working of the electric bulb, 
theih iron and electric heater depends upon 
eating effect of current. 


in 


Electric Bulb 


An ; 
An electric bulb Consists of a filament which 


ISa wi 
Batted Of pure tungsten. The filament is sup- 
on wires as shown in Fig. 9.2. The 


Supports 


Filament 


Supporting 
glass rod 


Lead wire 


Metal cap 
Fig. 9.2 


e ? 
hici Of the filament are attached to leads of 
Wire and is enclosed in a glass bulb. 
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When a current is passed through the fila- 
ment, it becomes very hot and begins to glow, 
emitting light. 

The filament is extremely thin and has a 
very high resistance. A tungsten filament is 
used because tungsten has a very high 
melting point (about 3000°C). But at such 
high temperatures, it quickly reacts with ox- 
ygen of the air and gets oxidised. To prevent 
its oxidation, the air is removed from the bulb 
and the bulb is filled with insert gases like 
argon and nitrogen. The presence of inert 
gases prevents the vaporisation of tungsten. 


Electric Iron 

The essential parts of an electric iron are the 
base plate, a heating element, the pressure 
plate and an insulated handle as shown in Fig. 
9.3. The base plate is a heavy metallic plate 


Handle 
Leads 
Mica sheet 
Leads 


<s 


Base! plate Heating element 


Fig. 9.3 


of uniform thickness. The heating element is 
a nichrome ribbon wound on a mica 

sheet. The element is placed between the 
base plate and the pressure plate. When a cur- 
rent is passed through the element, it 
becomes red hot. Consequently, the base 
plate also becomes hot. The mica sheet in- 
sulates the heating element from the base 
plate. The outer surface of the iron IS polish- 


ed to reduce heat losses. 
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Electric Heater 
Figure 9.4 shows an electric heater or radiator 


Fig. 9.4 


with a reflector. The heating element is a 
nichrome wire wound on the grooves of a 
long cylinder of fire clay and fixed at the focus 
of a polished reflector. The reflector reflects 
the heat in the desired direction. 


Magnetic Effect of Current 


You have learnt about the Properties of 
magnets in Class VI. You have also learnt two 
methods of making magnets. If you rub a 
magnet on a steel needle a number of times, 
it is magnetised and can attract small pieces 
of iron. In the second method, electricity is 
used to make magnets. Try the following ex- 
periment again. 


S| | eee 
Activity 2 


You will need an iron nail about 6-8 


cm long, 
a long piece of plastic-covered (insulated) 
wire, a cell and a switch. Remove the plastic 


covering from about 2 cm at each end of the 
wire. Wind the wire tightly round the nail and 
connect its ends to a cell through a switch 
as shown in Fig. 9.5. Close the Switch and 
take a few common pins near the nail. What 

‘do you observe? The nail attracts the pins. 
The nail is magnetised. Now open the switch, 
The pins fall off. This means that when elec- 
tricity stops flowing in the coil, the nail loses 
magnetism. 


Nail inside a coil of 
insulated wire 


Connecting 
wire 


Fig. 9.5 


An object of iron magnetised using elec- 
tricity is called an electromagnet. This expeti- 
ment shows the magnetic effect of current: 
Here is another experiment which shows that 
when current flows through a wire, it pro- 
duces a Magnetic effect around it. 

Figure 9.6 shows a straight long coppe" 


N 
AL B à 
Magnetic S Straight — 
compass copper wire 
Fig. 9.6 


wire 48 Placed over a 


magnetic compass: 
The ends of the 4 


: wire are connected to a bulb, 
a Switch and a cell as shown. When the 
switch is Open, the magnetic needle points 
along the north-south direction. When the 
Switch is closed, the magnetic needle deflects 
to one side, When the switch is opened: | 


returns to its original north-south direction. 
This experiment shows that when electricity 
flows through wire AB (this is indicated by 
the glowing of ihe bulb) it produces a 
magnetic effect around it. 

The magnetic effect of current has many 
applications. Electromagnets are used in elec- 
tric bells and electric motors. Huge elec- 
tromagnets are used in cranes to lift heavy ob- 
jects made of iron. Figure 9.7 shows a 


Battery 


H 


Electromagnet 


Heavy 
iron 
load 


Fig. 9.7 


horseshoe type o 


used to lift a ini an electromagnet being 


vy load of iron. 
Electric Bell 


The Workin 
Magnetic e 
tromagnet 
Of a bell a 
SWitch is cl 
Coil and th 
Side the Cc 
tracts the 
hammer 

against th 
Ment the 
roken at 
iron piece 
can 


vital electric bell is based on the 
i (0) current. A horseshoe elec- 
used in a bell. The various parts 
re shown in Fig. 9.8. When the 
osed, electricity flows through the 
1e horseshoe-shaped iron piece in- 
S magnetised. Therefore, it at- 
esl When this happens, a 
cess ed to the _armature bangs 
a and a ring is heard. The mo- 
E Pee is attracted, the circuit is 
‘ne adjustable screw. Therefore, the 
Be ieee the coil loses magnetism and 
ger attract the armature which falls 
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Battery 


H era 
ee 


screw 


Fig. 9.8 


back. The moment the armature falls back, 
the circuit is completed again. The iron piece 
inside the coil again becomes a magnet and 
attracts the armature whose hammer again 


bangs against the gong, This ORR TH MAKE: 


and break of the citait goes ON ANG We WAH, 
keeps ringing. 


In the next chapter you will learn more 
about the magnetic effect of a current. This 
effect will be used in the construction of an 
electric motor. Electric motors are used in 
fans, refrigerators and in industry. 


Chemical Effect of Current 


Current can produce chemical effects. You 
know that metals are good conductors of 
electricity. Some solutions are also good con- 
ductors of electricity. For example, electricity 
can flow through a solution of copper 
sulphate or silver nitrate or acidulated water. 
Such solutions are called electrolytes. When 
a current is passed through an electrolyte, a 
chemical reaction takes place. Your teacher 
will show you an experiment to see the 
chemical effect of electricity. 

Two aluminium plates are dipped in a solu- 


tion of copper sulphate in a beaker. The plates 
are connected to a cell through a bulb and 
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a switch as shown in Fig. 9.9. When the Electrical Energy and Power 


switch is closed, the bulb begins to glow even 


i i which work 
hen the plates are not touching each other. You have seen various penn al ite 
This shows that the circuit is completed by with the electricity such as a 


Aluminium 
Plate 


the copper sulphate solution. This 
copper sulphate solutio 
electricity. 

The circuit is kept closed for about 15 
minutes and then the plates are taken out. 
What do we find? We observe that one of the 
plates is coated with a fine reddish covering 
of copper on it. This method of Coating one 
metal with another is called electroplating. 

The coating of copper on aluminium plate 
comes from the copper sulphate solution. 
This shows that electricity flowing through 
copper sulphate solution has Produced a 
chemical reaction. 

Electroplating has many applications. Elec- 
troplating is used to coat utensils with silver 
or nickel to make them shine. The shiny 
spoons you use are made of brass and Coated 
with nickel. Iron sheets and Pipes are Coated 
with zinc to protect them from rusting, 
Jewellery made of cheaper metals is elec. 
troplated with gold. 


means that 
n is a conductor of 


$ 


Switch 


(Copper sulphate 
solution ) 


electric heater, electric fan and so on. ing 
these appliances electrical energy is conve 
into another form of energy. An electric bis 
converts electrical energy mostly into 1o Fi 
energy. An electric heater converts ane 
energy mostly into heat energy. In an E 
tric fan, electrical energy is converted Í 
mechanical enérgy. 


All these appliances use electrical energy" 
The rate at which electrical energy is use 3 
an appliance is called its electrical power ed 
wattage. Power is Measured in a unit oey 
watt, its symbol is W, /f an appliance use? d 


é ae 
Joule of energy in 1 second, its power îs $ 
to be 1 watt. Thus 


d 
Electrical energy Y5? 
EE AEE 


Time taken 


Electrical power = 


TJ 
— =1Jpers 
1s 


TW = 


Power i isj 
_ Power in watts = Energy is joules + time in 
seconds 


F : : : 
Es alae bigger units of power are 


These are 
1 kilowatt = 1000 watts 
or 1kW = 1000 W 
and 1 mega watt = 1000 kilowatts = 
tril a 1,000,000 watts 
You must fa 1h W = 
and 100 W. anne seen bulbs marked 25 W 
100 W bulb f ich one gives more light? The 
higher a and more light because it has 
ea and uses more electrical energy 
Ty second than the 25 W bulb. 


or 


Activity 3 
Take 
few aera three fresh dry cells and a 
bilbas as connecting wires. Connect the 
in'Flg.8-40 e cells joined in series as shown 
-10. Press the switch. The bulb burns 


Fig. 9.10 


brigh 

oe remove one cell so that there 

burns loss : cells in the circuit. Now the bulb 

ing anly me ee Finally burn the bulb us- 

heweCan cell. The bulb becomes very dim 
you explain your observations? 


Eac 

ius es a voltage of 1.5volts. In the 
filament i ; k potential difference across the 
ik thes e bulb is 1.5 + 1.5 + 1.5 = 4.5 
and in the aoe case it is 1.5 + 15=3V 
gives ens ir case itis only 1.5 V. The bulb 
ST mym light in the fiřst case 
e potential difference is maximum 


„1 watt hour is the 
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-in this case. From Ohm's law, the current 


flowing through the filament is also maximum 
in the first case’ When the bulb glows most 
brightly, it uses the maximum electrical 
energy. Hence we conclude that the electrical 
energy used up ina bulb depends the poten- 
tial difference across its filament as well as the 
current flowing in it. This is true also for other 
electrical appliances. The electrical energy us- 
ed up also depends upon the time for which 
the appliance is used. Thus the rate at which 
an appliance uses electrical energy (i.e. its 
power) depends on potential difference as 
well as current. 

In fact, the power of an appliance is given 
by the product of potential difference and 
current. 
Power = Potential difference (or voltage) 

x current. 

If the potential difference 
and current in amperes, 


e is expressed in volts 
the power is obtain- 


ed in watts. 
Thus 
Power (in WW) = Potential difference lin N) X 

current (in A) 
The powers of some common appliances are 
given below: 
Appliance Power 
Torch bulb 1W 
Electric bulbs 15 W to 200 Ww 
Electric fans 25 W to 60 W 

500 W to 700 Ww 


Electric irons 
Electric heaters 1000 W to 2000 W 
The electrical energy used in our homes, , 
offices and factories is measured by the elec- 
tric meter. You can see this meter on the main 
switch board of your house. The Electric 
Supply Undertaking uses a unit called kilowatt 
hour (kWh) to determine the electrical energy 


consumed. 


1 kWh = 1000 watt hours 
energy consumed by an ap-. 


pliance of power 1 W in 1 hour. 
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Thus À 
Electrical energy = Electrical power x time 
1Wh=1Wx th 

1 kWh = 1000 Wh 

Energy in watt hours = Power in watts x 
time in hours 

Note: Watt and kilowatt are units of electrical 
power and watt hour and kilowatt hour are 
units of electrical energy. 


EXAMPLE 1 


Calculate the power of a fan which works on 
240 volts and draws a current of 0.25 A 


Solution 


Potential differences (or voltage) = 240 V 


current = 0.25A = %A 
Power = voltage x current 
= 240 x % = 60W 
EXAMPLE 2 


A 100 W bulb is operating on 200 V. Calculate 
(a) the current flowing in its filament and 
(b) the resistance of the filament. 


Solution 
Voltage= 200 v 
Power = 100 W 
(a) Now power = voltage x current 


power 100 
Current =——_—__ = 2 _ 
voltage 200 wee 


(b) From Ohms law 


potential difference 
Resistance: = ———_______ 
Current 
200 
= —— = 400 ohms 
0.5 
EXAMPLE 3 


An electric heater has a power of 2000 w. 

(a) How much energy in kilowatt hours does it 
consume if it is used for 10 hours? 

(b) Find the cost of using it for 10 hours at 


50 paise per unit of electrical energy. 


Solution 


` (a) A 2000 W heater will consume 2000 watt 


l:ours of, energy in one hour. In 10 howe? 
will consume 20,000 watt hours = 20 kW 
energy. ; 
(b) 1 kilowatt hour of energy costs 50 el 
Therefore, 20 kWh will cost 20 x 50 = 1 
paise = Rs. 10. 


Electrical Circuits in Our Homes 


What type of circuits are used in our houses? 
How are various appliances such as electric 
fans, electric bulbs, electric heaters, etc. cons 
nected in a circuit? Perform the following 
simple experiments and find out for yourself. 


Activity 4 

You will need a cell, two torch bulbs, a switch 
and connecting wires. Connect the two bulbs 
marked 1 and 2 to a cell through a switch aS 
shown in Fig. 9.11a. Close the switch. Both 
the bulbs will burn or glow. Now remove one 
of the bulbs, say bulb 2, and close the switch: 
Does the bulb 1 glow now? You will find that 
it does not glow. The reason is that the cif” 
cuit is broken when the bulb 2 is removee: 
Therefore, electricity cannot flow through thé 
Circuit. Now look at Fig. 9.11b. Suppose bu k 
2 is fused; its filament is broken. Do you thin 
bulb 1 will burn if the switch is closed? 


The bulbs Connected as shown in Fig- 9.11 
€ said to be connected in series. If one -4 
e bulbs is removed or is fused, the othe 
bulb will not burn when the switch is clos? r 
It is clear that the electric bulbs at home ? 
inthe classroom are not connected in ee ; 
If one of them is fused, the other bulbs fe 
keep burning. Perform the following exP® 
ment to find out how bulbs are connecte 


ar 
th 
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Fig. 9.11 


a circuit 
at h i 
offices. ome in the class room or in 


ran at Activity 5 
through a me bulbs marked 1 and 2 
in Fig. 9.12(a) es Aand Btoa cell as shown 
Beshitheat 4 Close both switches A and 8. 
A nad ee bs will burn. Close only switch 
thatthe arp on B open. You will notice 
Follonerths 1 burns but the bulb 2 does not. 
this aie of electricity and find out why 
ewitch Ao . Now close switch B and leave 
ALY tat he The bulb 2 will burn but bulb 
Supnoss an you tell why this happens? 
fused ie sinc of the bulbs, say bulb 2, is 
own in Fig. 9.12(b). Close both 


switche 
‘nes A an s i 
1 will stili he B you will notice that bulb 


The b 
are ia ieee as shown in Fig. 9.12 
swith Ace a parallel. When 
open and switch Bis closed, elec- 


tricity can flow through bulb 2 because the 
circuit through bulb 2 is complete. If switch 
Bis open and switch Ais closed, electricity 


can pass through bulb 1 because it has a com- 


plete path through this bulb. 

arallel circuit is used in.our 
offices. The electricity we 
use in our homes is generated at a power sta- 


tion. Ina thermal power station, the heat 
has coal is converted in- 


generator. Ina 


hydroelectric power station, the mechanical 
energy of falling water ina dam is converted 
into electrical energy. Ina nuclear power sta- 
tion, the nuclear energy İS converted into elec- 
trical energy. The electricity SO produced is 
sent through cables to different cities and 
villages. The electricity is sup 

homes and offices at 

underground cables. The en 
are connected to two terminal 
switch box where the electrici 


This type of P 
homes, schools and 


to electrical 


ds of the cables 
s of the main 
ity has to be 
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B 2 


Fig. 


distributed to all Parts of the house such as 
rooms, kitchen, toilet, etc. 


The electrical wirin 
all the circuits are connected in 


The cable used in a hou 
cores of different colours. 
livewire, the blackis the n 


Se circuit has three 
The red wire is the 
eutral wire and the 


Main Switch 


220 v 


9.12 


green is the earth wire. The metallic body of 
an electric appliance is connected to the eart k 
The earthing protects us from electric shoc 
when the appliance is touched. Sometimes, 
due to faulty wires, the insulation breaks A 
the live wire comes into contact with the bo! a 
of the appliance, if the appliance is earthe A 
the charge will quickly flow to the earth, thu 
protecting us from electric shock. 


Live 


To another 
room 


Neutral 


Fig. 9.13 


Electric Fuse 
Figure 9.14 shows an electric fuse common- 


Fuse wire 


Porcelain 
holder 


Fig. 9.14 


l i ae 
y used in household circuits. A fuse wire is 


a short and thin piece of wire which easilv 
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melts on heating. Sometime the insulation of 
a wire is broken. If the bare live wire touches 
the neutral wire, there is a short circuit. A 
short circuit can cause fire since the maximum 
current flows in wires which burn due to ex- 
cessive heat. To prevent this damage, a fuse 
wire is included in the circuit. When there is 
a short circuit, the fuse wire melts due to 
heating produced by the high current. The cir- 
cuit is then broken and the current stops flow- 
ing. The defective cable is repaired and the 
fuse wire replaced. 


POINTS TO REMEMBER 


1. Whe 
n a current flows through a conductor, it can have three effects, namely, 


effect and chemical effect. 


2. Th i: 
e heat produced in a conductor when a current is passed thro 
the time for which the current flows. 


conductor, the current flowing through it, and 


OONAAPW 


ue beating effect of current is used in the working of an electric bul 
The se i effect of current is used in the making of electromagne 
The pows ge effect of current is used in electroplating. 
The unit ot an electrical appliance is the rate at whic! 
Power (in Seen is the watt. If an appliance consumes 
The electric atts) = voltage (in V) x current (in A). 
appliance pati in our homes measures the electrical e 
The vari Power 1 kilowatt will consume 1 kilowatt hour of energ 
ious electrical appliances we use in our homes a 


heating effect, magnetic 


ugn i uspends upon we resistance of the 
b, electric iron and electric heater. . 
ts and electric motors. 


h it consumes electrical energy- ; 
1 joule of energy in 1 second, its power is 1 watt. 


nergy consumed in terms of kilowatt hours. An 
y in 1 hour. 


re connected in parallel. 


QUESTIONS 


1. (a) 
(b) 

(c) 

2. (a) 
(b) 

Zz ow K labelled diagram of an electric bell a 
ib) escribe an experiment to show the cl 
What is electroplating? How is it useful? 


Describe an experiment to show th 


(i) Electric bulb (ii) electric fan (iii) immersion r 


6. 
(a) What is wattage? 


(b) 
(c) 


ioe What is kilowatt hour? 


What is the power of an electric motor W 


Describe an experiment to show the heating effect of current. 
State the factors on which the heat produced in a wire due to t 
Name three appliances in which the heating effect is used. 

e magnetic effect of a current. 
Name two devices in which the magnetic effect is used. 

nd explain how it works. 
hemical effect of a current. 


Whi 
hich effect of current is used in each of the following cases? 
od (iv) electric bell (v) el 


State and define the unit of electrical power. 


hich works on 220 V an 


he flow of current depends. 


ectroplating (vi) charging of a battery 


d draws a current of 5 A? 
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(b)- A 60 W bulb is operating on 240 V. Calculate the Current flowing in its filament and the resistance 
of the filament. 


(c)__ An electric iron has a power of 1000 W. Ho: 


g it for 2 hours each day for 30 days at the rate of 50 paise 

3 per unit of electrical energy. 
8. Explain the following 

(i) “At home, all lights and fans 

tii) If one bulb is fused, in an 


CHAPTER 


Sq 


Electromagnetism 


Ele i 

s mie bai deals with the relationship 
end of the eT and magnetism. Up to the 
dataieren th century, scientists believed 
melty ard as no relationship between elec- 
were differ magnetism. They thought they 
this is not pil phenomena. But you know that 
of kehueas keg You have learnt that a piece 
tank theta ne magnetised by passing a cur- 
The piece a a coil of wire wound around it. 
called a iron magnetised by electricity is 

n electromagnet. 


You h 
EO ath also learnt about another 
discovered Ro of current. This effect was 
y a Danish scientist, Hans 


Oersted in 1820. He discovered that when a 
current is passed through a wire, it could 
deflect a magnetic needle kept near: it. 
Oersted’s experiment, which shows the rela- 
tionship between electricity and magnetism, 
gave birth to a branch of physics called 
electromagnetism. 

Oersted’s Experiment: Ma 
fect of Current 
Let us perform the 
Oersted performed. 
compass needle, a 
a switch. Set up th 
10.1. The wire A 


gnetic Ef- 


famous experiment that 
We need only a magnetic 
length of wire, a cell and 
e circuit as shown in Fig. 
B is set parallel to the 
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magnetic needle, so that the wire and the nee- 
dle both point in the north-south direction. 
When the switch is closed, the magnetic nee- 
dle swings to a new position, shown dotted 
in Fig. 10.1a. When the current in the circuit 
is reversed, the needle deflects in the opposite 
direction as shown in Fig. 10.1b. 


Activity 1 
You can perform Oersted’s experiment 
yourself at home. You will need a used razor 
blade, a magnet, a saucer, a length of wire 
and a cell. Break the razor blade into two parts 
along its length. Stroke a piece of blade with 
a bar magnet a couple of times. It is magnetis- 
ed. Float it on water in a saucer (Fig. 10.2). It 


lee IT 


Fig. 10.2 


will point in the north-south direction. Fix a 
thin wire AB across the top of the saucer with 
some plasticine or cellotape. The moment you 
connect the two ends of the wire to a cell 
the blade deflects in one direction. 

Now interchange the connections with the 
cell. This will reverse the current in the wire. 
What do you observe now? 


Faraday's Experiment 


Orested’s experiment clearly established that 
a current carrying conductor exerts a force 
on a magnet and deflects it if it is free to 
move. Is the reverse of this also possible? Can 
a magnet deflect a current carrying conduc- 
tor, if it is free to move? 


In 1821, Michael Faraday discovered that 
when a conductor carrying a current was plac- 
ed between the pole pieces of a magnet, 4 
force is exerted on the conductor. This can 
be shown by the following experiment. 

Suspend a conductor (thick straight wire) 
AB between the poles of a horse-shoe magnet 
by two insulated wires as shown in Fig. 10.3a. 


(-) (+) 


Fig. 10.3 


Connect the wires to a cell through 4 switch 
Observe what happens when the switch 


closed. You will see that the conductor AB 
moves perpendicular to the line joining the N 
and S poles of the magnet. This indicates that 
a force acts on a current-carrying conductor 
placed between the poles of a magnet. Now, 
reverse the direction of the current. You will 
notice that the conductor moves in the op- 

posite direction as shown in Fig. 10.3b. 
Pt te not reverse the current but inter- 
meee ies opi and south poles of the 
ae ter oe the magnet over), the 
i Pa orce of the conductor is again 
ek ar that the direction of the 
Eesha on a current-carrying conduc- 
nein tween the pole pieces of a 
for ef Ve on two factor (i) the direc- 
aaa etn in the conductor and (ii) the 
candustor e magnet with respect to the 
ee such as galvanometers and elec- 
of Sliver = based on the magnetic effects 
ie Wada ee galvanometer is a device which 
btomtens T small currents. An electric 
entragyiints evice which changes electrical 
of these biti ou energy. The working 
When arcon vices is based on the fact that 
rent is passed through a conduc- 


E00 00) 
Q 


(a) Magnet out and: stationary 


(c) Magnet in and stationary 
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tor placed between the poles of a magnet, it 
experiences a force. 

An ammeter is a galvanometer having a 
very low resistance and a voltmeter is a 
galvanometer having a very high resistance. 
Can you now tell why an ammeter is con- 
nected in series and a voltmeter is connected 
in parallel in a circuit? 

Motors are used in homes and in industry. 
The electric fan has a motor which moves its 


blades. 


Electromagnetic Induction 

So far, you have studied the magnetic effect 
of a current. Scientists made attempts to 
observe the reverse effect; they wanted to 
find out if amagnet could be used to produce 
an electric current. Joseph Henry (1830) in the 
USA and Michael Faraday (1831) in the UK 
independently observed this effect. 

Take a coil of insulated copper wire and 
connect its ends to a galvanometer G (Fig. 
10.4). When a bar magnet is held stationary 
outside the coil, the galvanometer reading is 
zero. This is shown in Fig. 10.4a. If the 
magnet is moved towards the coil, the 
galvanometer shows a deflection, indicating 
the presence of current in the circuit. This is 


(b) Magnet moving in 


(a) Magnet moving out 


Fig. 10.4 
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shown in Fig. 10.4b. When the magnet has 
come to rest inside the coil, the galvanometer 
deflection again becomes zero as shown in 
Fig. 10.4c. If the magnet is moved out of the 
coil, again the galvanometer shows a deflec- 
tion but in the opposite direction. This is 
shown in Fig. 10.4d. A current is produced 
in the circuit only when the magnet is mov- 
ing towards or away from the coil. This cur- 
rent is called induced current and this 
phenomenon is known as electromagnetic 
induction. 

This was a very exciting discovery because 
electricity could now be produced by mo. 
ing a magnet in or out of a coil. Before this 
discovery, cells were the only'source of elec- 
tricity. This discovery led to the invention of 
generators. 

If the magnet is continually moved in and 
out of the coil, an induced current will flow, 
first in one direction and then in the opposite 
direction. This type of Current which keeps 
changing direction is called an alternating cur- 
rent (or A.C.). Cells give a direct current (or 
D.C.). A direct current does not 
direction with time. 

Induced current is observed also if the 
magnet is kept stationary and the coil is mov- 
ed towards or away from the magnet. Hence 
induced current is produced if there is a 
relative motion between the magnet and the 
coll, 

The working of devices such as A.C, 
generators (or dynamos) and transformers is 
based on electromagnetic induction. The 
generator or dynamo is a device which is us- 
ed for the production of electricity. It is bas- 
ed on the fact that when a conductor is mov- 
ed between the pole pieces of a magnet, a 


change its 


current is induced in the conductor. 

A transformer is a device which is used to 
increase or decrease the magnitude of an 
alternating voltage. A transformer works on 
the principle of electromagnetic induction. 
Take a coil of insulated wire and connect its 
ends to a source of alternating voltage (or cur- 
rent) as shown in Fig. 10.5. This coil is called 


Primary Secondary 
OOUO0O0000 
A 
AC O 
Voltage G 
Fig. 10.5 


the primary coil. Place another coil B close to 
it. The ends of this coil are connected to 4 
galvanometer. This is called the secondary 
coil. When the alternating voltage in the 
Primary coil is switched on, a voltage is in- 
duced in the secondary coil. This is indicated 
by the deflection in the galvanometer. The 
Magnitude of the induced voltage depends gn 
the number of turns in the secondary coil. 

A transformer that changes a lower alter- 
nating voltage to a higher alternating voltag@ 
is called a step-up transformer. In a step-UP 
transformer, the number of turns in the secon” 
dary is more than the number of turns in the 
primary. 


A transformer which changes a higher alter- 


nating voltage to a lower alternating voltage 


is called a step-down transformer. In a steP™ 
down transformer, the number of turns in the 


secondary is less than the number of turhs in 
the primary, 


POINTS TO REMEMBER 


1 Electricity and magnetism are related to each other, 
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If'a current is passed through a conductor, it can deflect a magnetic needle placed near the conductor. 
If a current is passed through a conductor placed between the poles of a magnet, the conductor experiences 
a force and hence it moves. This fact is used in the construction of galvanometers, ammeters, voltmeters 
and electric motors. - 
When there is relative motion between a magnet and a coil of wire, an induced current, and hence an induc- 
ed voltage is produced in the coil. This is known as electromagnetic induction. y 

A generator or dynamo is a device which is used for producing electricity. An A.C. generator is based on 
the phenomenon of electr netic induction. i7 
Were is another eee which is based on electromagnetic induction. It is used to increase or 
decrease an alternating voltage. ` . 

A step-up transformer has more turns in the secondary coil than in the primary coil. ; 

A step-down transformer has more turns in the primary coil than in the secondary coil. 


QUESTIONS 
You are provided with a cell, a switch, a magnetic needle, a straight wire and some connecting wires. How 
will you use the apparatus to show the magnetic effect of current? i 
Describe an experiment which shows that a force is exerted on a current carrying con 
ed between the poles of a magnet. 
(a) What is a galvanometer? 
(b) State the principle on which it works. 
(a) What is a motor? 
(b) State the principle on which it works. f 
(c) = Name two devices in your home which work with electric motor. 
(a) What is electromagnetic induction? 
(b) Describe an experiment which demonstrates this phenomenon. 
(a) What is a generator? 
(b) State the principle on which it works. 
(c) Name two devices which use a generator or dynamo. 
la) What is the function of a transformer? 
(b) State the principle on which it works. 
(c) Distinguish between a step-up and a step-down transformer. ; 
(d) Can you use a transformer to increase or decrease a D.C. voltage 
Match the following 


ductor when it is plac- 


Column | Column II 
i rents 

1. Oersted’s experiment (i) An instrument for detecting small cur 
2. Galvanometer (ii) Produces electricity 

i t 
3. Motor (iii) Discovery of magnetic effect of a ae 
4. Generator (iv) Increases or decreases an alterna mot ae 
5. Transformer (v) Converts electrical energy into mec 


‘a trua or Talbo: elation between them. 


(i) Electricity and magnetism are entirely di 
(ii) Cells give a direct current. 

(iii) Alternating current flows in one direction only. + A 
liv) a galvanometer shows the existence of current in a circuit. 

v A galvanometer shows the direction of current in a circuit. 

(vi) Transformers work only with A.C. voltages. aedini en 
(vii) In a motor, mechanical movement is produced by an induce 


i ri 
fferent phenomena and there is no 
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(viii) In a generator, electrical energy is converted in 
10. Fill in the blanks using the choices given in brackets 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


to. mechanical energy. 


f r ; ted in 
An ammeter is a galvanometer having a resistance connec 


——______=_ with its coil. (high, low, series, 


parallel). 
A voltmeter is a galvanometer having a 


resistance connected in 

ae 

oT with its coil. (high, low, series, parallel). 

An electric fan uses a (generator, transformer, motor). 
==. eee 

A battery eliminator is a 


~~~ transformer. (step-up, step-down). 


In a step-down transformer, the number of turns in the primary coil is_ == 
than that in the Secondary coil. (more, less), 
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